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PREFACE 

TO THE SEVENTH EDITION. 



Ft has been found necessary to still further subdivide this 
wide and all-important subject of Advanced Applied Mechanics 
and Mechanical Engineering. 

In order to do so with the least departure and derange- 
ment of the previous volumes and editions, it has beeis 
advisable and convenient to follow the recent subdivision of 
this subject as stated in the "Rules and Syllabus of Exam- 
inations applying to the Election of Associate Members of 
The Institution of Civil Engineers." 

Moreover, this particular method of subdivision is practised 
by several Universities and Technical Colleges. It is also 
being advocated by Teachers in connection with the Boards 
of Education, and, to a certain extent, by those connected with 
the City and Guilds of London Examinations in Mechanical 
Engineering. 

Consequently, Volume I. will deal with "Applied Mechanics" 
proper, Volume II. will discuss and give practical illustrations 
of "Strength and Elasticity of Materials," Volume III. will 
be confined to "The Theory of Structures," Volume IV. to 
"Hydraulics, Hydraulic and Refrigerating Machinery," whilst 
Volume V. will be greatly enlarged, and treat upon " The 
Theory of Machines." 



VI PREFACE. 

Separate Contents and Index have been carefully arranged 
for each Volume. These enable students to find the details 
and jiages where the different subjects are treated. The 
Author's system of Engineering Symbols, Abbreviations, and 
Index Letters have been printed at the beginning of each 
volume. 

It is thus hoped, that the size and cost of each volume 
will suit the requirements of every Student of Engineering. 

The Author has again to thank his chief assistant, Mr. 
John Ramsay, A.M. Inst. C.E., for his help, and his Publishers 
for the special care with which they liave prepared these five 
volumes. The Author is specially indebted to Professor 
Alexander MacLay, B.Sc, C.E., and the Technical Publishing 
Company, Ltd., Manchester, for permission to abstract certain 
parts and figures from his excellent book on " Loci in 
Mechanical Drawing, including Point Paths in Mechanisms." 
These additions appear in Vol. V. upon the " Theory of 
Machines," along with the new Lectures dealing with the 
" Kinematics of Machinery." 

The Author will feel much obliged to Engineers, Teachers, 
his B.Sc. and C.E. "Correspondence Students," also to any 
other Students of Engineering, for hints which may tend 
to further enhance the attractiveness and usefulness of these 
works. 

ANDREW JAMIESON. 

Consuttinft Engineer and Electrician, 

10 KossLYN Terrace, Kelvinsiiho, 

Glasgow, September, 1909. 



INSTRUCTIONS FOR ANSWERING HOME EXERCISES. 

{A.I used in my Engineering and Electrical Science Correspondence System.) 



1. Use ordinary foolscap paper, and write on the left side only, leaving 
the facing page blank for my corrections and remarks. 

2. Put the date of the Exercises at the left-hand top corner ; your Name 
and Address in full, the name of the Subject or Section, as well as number 
of Lecture or Exercise, in the centre of the first page. The number of 
each page should be put in the right-hand top corner. 

3. Leave a margin IJ inches wide on the left-hand side of each page, 
and in this margin place the number of the question and nothing more. 
Also, leave a clear space of at least 2 inches deep between your answers. 

4. Be sure you understand exactly what the question requires you to 
answer, then give all it requires, but no more. If unable to fully answer 
any question, write down your own best attempt and state your difficulties. 

5. Make your answers concise, clear, and exact, and always accompany 
them, if possible, by an illustrative sketch. Try to give (1) Side View, 
(2) Plan, (3) End View. Where asked, or advisable, give Sections, or 
Half Outside Views and Half-Sections for (1), (2), and (3). 

6. Make all sketches large, open, and in the centre of the page. Do not 
crowd any writing about them. Simply print sizes and index letters (or 
names of parts), with a bold Sub-heading of what each figure or set of 
figures represent. 

7. The character of the sketches will be carefully considered in awarding 
marks to the several answers. Neat sketches and " index letters," having 
the first letter of the name of the part, will always receive more marks 
than a bare written description. 

8. All students are strongly recommended to first thoroughly study the 
Lecture, second to work out each answer in scroll, and third to compare it 
with the question and the text-book in order to see that each item has 
been answered. The final copy should be done without any aid or 
reference to the scroll copy or to any text-booh. This acts as the best 
preparation for sitting at Examinations. 

9. Reasonable and easily intelligible contractions (e.g., mathematical, 
mechanical or electrical, and chemical symbols) are permitted. 

10. Each corrected answer which has the symbols R.W. marked there- 
upon must be carefully re-worked as one of the set of answers for the 
following week. 

ANDREW JAMIESON. 

10 ROSSLYN TEEKAOE, jLELVINSIDE, GLASGOW. 



CONTENTS. 



HYDRAULICS, HYDRAULIC AND REFRIGERATING 
MACHINERY, WITH PNEUMATIC TOOLS. 



LECTURE I. 

Hydrostatics — Hydraulic Machines. 

Hydraulics — Fluids — Viscosity — Transmission of Pressure by a 
Fluid— Pressure of a Heavy Fluid— Head — Pressure on an 
Immersed Surface — Examples I., II., III., and IV. — Centre 
of Pressure — Centre of Pressure on a Rectangle — Triangle 
— Circle — Example V, — Energy of Still Water — Common 
Suction Pump — Belt-driven Suction Pump — Example VI. 
— Air Pump — Single-acting Force Pump — Single-acting 
Force Pump with Ball Valves — Force Pump with Air 
Vessel — Continuous Delivery Pumps without Air Vessels 
— Double-acting Force Pump — Double-acting Circulating 
Pump — Worthington Steam Pump — Pulsometer Pumps — 
Roots' Blower — Bramah's Hydraulic Press — Examples 
VII. and VIII. — Hydraulic Flanging Press — Hydraulic 
Jack — E.xamples IX., X., and XI. — Hydraulic Bear — 
Lead-covering Cable Press — Hydraulic Accumulator — Ex- 
ample XII. — Hydraulic Cranes — Hydraulic Wall Crane- 
Movable Jigger Crane — Double - Power Hydraulic Crane 
— Hydraulic Capstan — Questions, .... 1-61 



CONTENTS. 

TAOEB 

LECTURE II. 

Efficiency of ^lachmes. 

Fiictional Resistances and Efficiencies of Machines in General — 
Example I. — Application to the Steam Engine — Efficiency 
of a Reversible Machine — Example II. — Movable 
Hydraulic Cranes — Moval)le Electric Crane — Details of 
Hoisting Brake and Levers for Working the 3-ton Electric 
Crane — Abstract of Report, Tables and Curves on Com- 
parative Trials for Efficiency of 3-ton Hydraulic and 
Electric Cranes — Relative Cost of Hydraulic and Electric 
Power — Crane Tests — Explanation of Efficiency Curves — 
Electric Cranes for Manchester Ship Canal — Questions, . 62-95 

LECTURE III. 

Hydraulic Apjiliances in Gas Works. 

Labour-Saving Appliances in Modern (ias Works — Pumping 
Engines and Accumulator — Example I. — Differential Ac- 
cumulator — Brown's Steam Accumulator — Small Hydraulic 
Accumulator Plant — Arrol-Foulis' Gas Retort Charging 
Machine — Foulis' Withdrawing Machine for Gas Retorts 
— Results of Working — Questions, .... ^16 115 

LECTURE IV. 

Hijdrokinetics. 

Energy of Flowing Water — Bernoulli's Theorem — Jet Pumps, 
Injectors and Ejectors — Hydraulic Ram — Example I. — 
Velocity of Effiux and Flow of Water from a Tank — 
Measurement of a Flowing Stream — Rectangular Gauge 
Notch — Thomson's Triangular Notch — Measurement of 
Head — Measurement of Large Streams — Horse-Power of a 
Stream — Vortex Motion^Free Vortex — Forced Vortex — 
Pressure due to Centrifugal Force — Reaction of a Jet 
— Reduction of Pressure round an Orifice — Impact — Loss 
of Energy — Resistance of a Pipe — Hydraulic Mean Depth 
— Loss of Head due to Friction in Water Pipes — lixamples 
II. and III. — Notes on Measurement of Streajns, &c. — 
Questions, ....... llfi-LTO 



CONTENTS. XI 

PAGES 

LECTURE V. 

Water- Wheels and Turbines. 

Hydraulic Motors — Overshot Water- Wheel — Breast- Wheels- 
Undershot Water-Wheel — Fairbairn's Improvements — 
Clack Mill — Pelton Wheel — Turbines — Girard Turbine 
— Jonval Turbine — GiLnther's Governor — Thomson's Vortex 
Turbine — Little Giant Turbine — Hercules Mixed - Flow 
Turbine — Centrifugal Pumps and Fans — Notes on this 
Lecture — Questions, ...... 160-197 

LECTURE VI. 

Refrigerating Machinery and Pneumatic Tools. 

Refrigeration — Preliminary Considerations — Carbon Dioxide as a 
Refrigerating .Agent — Elementary Refrigerating Apparatus 
— Simple Refrigerating Machine — Carbon Dioxide Refriger- 
ating Plant — Anhydrous Ammonia as a Refrigerating 
Agent — De La Vergne's Refrigerating Plant — Ue La 
Vergne's Double-acting Compressor — The Linde System 
of Refrigeration — Apparatus for Transmitting the Cold 
produced to the Chambers requiring Refrigeration — Pneu- 
matic Tools — Questions, ..... 198-222 

APPENDIX A. 

1 . General Instructions by The Board of Education for their 

Examinations on Applied Mechanics, . . . 224 

2. General Instructions by The City and Guilds of London Insti- 

tute for their Examinations on Mechanical Engineering, . 225 

3. Rules and Syllabus of Examinations by The Institution of Civil 

Engineers for Election of Associate Members, . . 226-229 

APPENDIX B. 

i. Board of pjducation's Examination Papers in Applied Me- 
chanics, Stages 2 and 3 ; City and Guilds of London 
Institute's Honours Examination Papers in Mechanical 



XU CONTENTS. 

PAOBS 

Engineering ; The Institution of Civil Engineers' Examina- 
tion Papers in Hydraulics, arranged in the order of the 
Lectures in this Volume, ..... 230-253 

2. All new Answers to Questions for their respective Lectures 
are tabulated under the two main headings — Board of 
Education and City and Guilds, or Institution of Civil 
Engineers, ....... 254 25S 

APPENDIX C. 

The Latest Exam. Papers pertaining to Hydraulics, and set by 

the governing bodies enumerated under Appendix A, . 259-262 

APPENDIX D. 

Tables of Constants, Logarithms, Antilogarithms, and Functions 

of Angle.-, ....... 263-268 

Index, ..,..,.. 269-274 



CONTENTS OF VOLUMES. 



VOL. I. — Applied Mechanics. — The Principle of Work 
and its Applications ; Friction, Power Tests, with 
Efl&ciencies of Machines. — Velocity and Acceleration. 
— Motion and Energy. — Energy of Rotation and 
Centrifugal Force. 

VOL. II. — Strength of Materials. — Stress, Strain, Elas- 
ticity, Factors of Safety, Resilience, Cylinders, 
Shafts, Beams and Girders, Testing Machines, and 
Testing of Materials of Construction. 

VOL. III. — Theory of Structures and Graphic Statics, 
with Applications to Roofs, Cranes, Beams, Girders, 
and Bridges. 

VOL. IV. — Hydraulics. — Hydraulic and Refrigerating 
Machinery. 

VOL. V. — Theory of Machines. — Tooth, Friction, Belt, 
Rope, Chain and Miscellaneous Gearing, with their 
Applications to Machines. — Shapes and Strengths 
of Teeth. — Automatic Tooth - Cutting Machines. — 
Velocity-Ratio and Power Transmitted by Gearing. 
^Motion and Energy. — Practical Applications to 
Governors, Flywheels, and Centrifugal Machines. 



xiv MECHANICAL ENGINEERING SYMBOLS. 

MECHANICAL ENGINEERING SYMBOLS, ABBREVIATIONS, 
AND INDEX LETTERS 

USED IN VOLUMES I. TO V. 
Op Professor Jamieson's "Applied Mechanics." 



Prefatory Note. — It is very tantalising, as well as a great 
inconvenience to Students and Engineers, to tiud so many 
different symbol letters and terms used for denoting one and 
the same thing by various writers on mechanics. It is a pity, 
that British Civil and Mechanical Engineers have not as yet 
standardised their symbols and nomenclature as Chemists and 
Electrical Engineers have done. The Committee on Notation 
of the Chamber of Delegates to the International Electrical 
Congress, which met at Chicago in 1893, recommended a set 
of " Symbols for Physical Quantities and Abbreviations for 
Units," which have ever since been (almost) universally adopted 
throughout the world by Electricians.* This at once enables 
the results of certain new or corroborative investigations and 
formulae, which may have been made and printed anywhere, 
to be clearly understood anywhere else, without having to 
specially interpret the precise meaning of each symbol letter. 

In the following list of symbols, abbreviations and index 
letters, the first letter of the chief noun or most important 
word has been used to indicate the same. Where it appeared 
necessary, theirs* letter or letters of the adjectival substantive 
or qualifying words have been added, either as a following or 
as a subscript or suffix letter or letters. For certain specific 
quantities, ratios, coefficients and angles, small Greek letters 
have been used, and I have added to this list the complete 
Greek alphabet, since it may be refreshing to the memory of 
some to again see and read the names of these letters, which 
were no doubt quite familiar to them when at school. 

•Theee " Symbols for Physical Quantities and Abbreviations for Units" 
will be found printed in full in the form of a table at the commencement 
of Munro and Jamieson's Pocket- Book of Electrical Rules and Tables. I £ 
a similar recommendation were authorised by a committee composed of 
delegates from the chief Engineering Institutions, it would be gladly 
adopted h\ "The Profession" in the same way that the present worli of 
"The Engineering Standards Committee" is being accepted. 



SYMBOLS, ETC. 



Tablb of Mechanical Engineering Quantitiks, Symbols, Units 

and their abbreviations. 
{As used in Vols. I. to V. of Prof . Jamieson's "Applied Mechanics.") 













Quantities. 


Symbols. 


Defining 
Equations. 


Practical Units. 




Fundamental. 






(Yard, . 


yd. 


Length, . 


L,l 




^Foot, . 
(Inch, . 


ft. 

in. 


Mass, 


31, m 


... 


Pound, . 
I Second, 
\ Minute, 


lb. 

s. 


Time, 


T,t 


>*• 


m. , 








/ Hour, . 


h. 


Geometric. 










Surface, . 


S,s 


S=i2 


/ Square foot, . 
\ Square inch, . 


sq. ft. 
sq. in. 


Volume, . 


V 


V^ L^ 


J Cubic foot, . 
\ Cubic inch, . 
' Degree, 
Minute, 


cb. ft. 
cb. in. 
1° 
1' 


Angle, ,^ . 




arc 


\ Second, 

180' 


1" 


radius 








Radian = 


rn. 


Mechanical. 




L 




ft. 

s. 


Velocity, 


V 


Foot per second, . 






_ V e 


1 Revs, per second, . 
1 Revs, per minute, 


r.p.s. 


Angular velocity, . 


lU 


r.p.m. 






( Radians per second, 


Ol 


Acceleration, . 

f 


a.,g 


V 


Footper sec. persec. 
( Pound weight 1 


ft. 

s- 

Ib. wt. 
(or lb.) 




FJ 


... 


} (gravitational > 


Force, . . .■! 






( unit), \ 


1 


W,w 


F= Ma 


j Poundal (absolute \ 
\ unit), J 


pdl. 


Pressure (per unit ] 
area), / 


P 


F 


Pound per sq. inch. 


lb. p" 


Work, . 


iWh) 


Wh = FL 


Foot-pound, . 


ft. -lb. 


Potential energy, . 


E, 


Ep = Wh 


Foot-pound, . 


ft. -lb. 


Kinetic energy, 


E^ 


W h 


Foot-pound, . 


ft. -lb. 






( Horse power, 

< Ft. -lb. per min., . 


H.P. 


Power or activity, . 


HP 


H.F, = y 


ft.-lb./m. 






( Ft. -lb. per sec, . 


ft.-Ib./s. 


Moment of inertia, . 


/ 


/= MB 




lb.-ft.2 






M 


( Pound per cb. ft. , . 


lb. 
ft.* 


Density, . 


p 


"^r 


•j 


lb. 

in.3 






/ Pound per cb. in. , . 
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OTHER SYMBOLS AND ABBREVIATIONS IN VOLS. I. TO V. 



A for 

B,6 „ 

C, c, k ,, 

e.g. „ 

D,d „ 

D„D2, D3 „ 

E „ 
e >, 

Fi, F2, F3 „ 
/<>/< )i 

H,A „ 

H.P.,h.p. „ 

B.H.P. „ 

E.H.P. „ 

I.H.P. „ 



k„ 



N, 



P, Q „ 
R1R2 ,, 



SF „ 

TM ,, 

TR „ 

BM „ 

MR „ 

RM „ 

Td, T( I, 



** L' ' *^ T' " Lf n 



Areas. 

Breadths. 

Constants, ratios. 

Centre of gravity. 

Diameters depths, de- 
flections. 

Drivers in gearing. 

Modulus of elasticity. 

Velocity ratio in wheel 
gearing. 

Followers in gearing. 

Forces of shear and 
tension. 

Heights, heads. 

Horse-power. 

Brake horse-power. 

Effective ,, 

Indicated ,, 

! Radius of gyration, or, 
Coef. of discharge in 
hydraulics. 
Numbers — e.3., num- 
ber of revs, per min , 
number of teeth, &c. 
Push or pull forces. 
Reactions, resultants, 
radii, resistances. 
( Seconds, space, sur- 
1 face. 

\ Displacement, dis - 
' tance. 
Shearing force. 
Torsional moment. 
Torsional resistance. 
Bending moment. 
Moment of resistance. 
Resisting moment. 
Tensions on driving 
and slack sides of 
belts or ropes, ifec. 
Lost, total, and useful 
work. 



y, z for Unknown quantities. 
Z ,, Modulus of section. 
Z, ,, ,, tension. 

Z. „ „ compression. 



S, d for Differential signs which are 
prefixed to another letter j 
then the two together re- 
present a very small 
quantity. 
t, t „ Represents base of Naperian 
Log3 = 2'7182; for example, 
loge3 = 1-1. 

n ,, Efficiency. 

X ,, Length ratio of ship to model. 

^ , , Coefficient of friction. 

TT ,, Circumference of a circle -Mts 
diameter. 

p ,, Radius of curvature, radian. 



S for Symbol for sum total of a 
number of quantities. 

f^ ,, Sign of integration or sum- 
mation between limits 
and X. 

'w ,, Sign for the difference be- 
tween two quantities. 
o ,, Sign for square — e.g. ,10 a" = 
10 square inches. 

, , Sign over two letters, P Q, 

for a force acting from P 
to — > Q, means that they 
represent a vector quantity, 
which has (1) magnitude, 
(2) direction, (3) sense. 

^ ,, Sign for equal to or greater 
than. 

\ ,, Sign for equal to or less tlian. 



GREEK ALPHABET. 



A 
B 

r 

A 
E 
Z 
H 
O 



Alpha. 

Beta. 

Gamma. 

Delta. 

Epsilou. 

Zeta. 

Eta. 

Thetu. 



I I 

K K 

A \ 

M fi 

N u 

3 £ 

O o 

n IT 



Iota. 

Kappa. 

Lamljda 

Mu 

Nu 

Xi. 

O micron. 

Pi. 



T 
X 



X 



Rho. 

Sigma. 

Tau. 

Upsilon. 

Pill. 

Chi. 

Psi. 

OmSsta, 



VOLUME IV. 

ON 

HYDRAULICS AND HYDRAULIC MACHINERY. 



LECTURE I. 

HYDROSTATICS— HYDRAULIC MACHINES. 

Contents. —Hydraulics — Fluids — Viscosity — Transmission of Pressure 
by a i'laid — Pressure of a Heavy Fluid — Head — Pressure on an 
Immersed Surface — Examples I., II., III., and IV. — Centre of Pres- 
sure — Centre of Pressure on a Rectangle — Triangle — Circle— Ex- 
ample V. — Energy of Still Water — Common Suction Pump — Belt- 
driven Suction Pump — Example VI. — Air Pump — Single-acting Eorce 
Pump — Single-acting Force Pump with Ball Valves — Force Pump with 
Air Vessel — Continuous Delivery Pumps without Air Vessels — Double- 
acting Force Pump— Double-acting Circulating Pump — Worthington 
Steam Pump — Pulsometer Pumps — Roots' Blower — Bramah's Hy- 
draulic Press — Examples VII. and VIII. — Hydraulic Flanging Press- 
Hydraulic Jack — Examples IX., X., and XI. — Hydraulic Bear— 
Lead-covering Cable Press — Hydraulic Accumulator — Example XII. 
— Hydraulic Cranes — Hydraulic Wall Crane — Movable Jigger Crane 
— Double Power Hydraulic Crane -Hydraulic Capstan — Questions. 

Hydraulics. — In its widest sense, the term " Hydraulics " is 
given to the study of the mechanical properties of fluids and their 
application to practical purposes. In a more restricted sense, it 
refers to the science of the pressure and flow of water and their 
applications in engineering. It is divided into two sections : — 
Hydrostatics, the science of fluids at rest ; and Hydrokinetics, the 
science of fluids in motion. 

Fluids. — In many investigations it is necessary for simplicity to 
assume that we are dealing with a 'perfect fluid ; that is, one 
which possesses the following property : — 

Definition. — A fluid is a substance which offers no resistance 
to a continuous change of shape. 

There are two kinds of fluids — those which are practically in- 
compressible, termed liquids ; and those which are easily com- 
pressed, called gases and vapours. We know of no substance which 
completely fulfils the above definition ; but water, many other 
liquids, and all gases, so nearly comply with it, that for many 
purnosfla we may, in practice, consider them as perfect fluids. 
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Viscosity. — Ordinary fluids, however, do offer some resistance 
to a cliange of shape, and the property in virtue of which they do 
so is called the viscosity of the fluid. A substance, such as syrup, 
which offers considerable resistance to a rapid change of form, but 
which goes on changing its shape so long as any deforming forces 
ai-e applied to it, however small these forces may be, is usually 
called a viscous fluid. This term, strictly speaking, applies to all 
fluids, since all have some viscosity. It should, however, be noted 
that even the most mobile fluid will ofier an appreciable resistance 
to a sudden deformation, because parts of it have to be set in 
motion and their inertia comes into play. This must not be con- 
founded with their viscosity. 

A solid body differs from a viscous fluid in that a small force 
produces in it a definite change of shape in a short time, and there- 
after no further deformation takes place. Many solids, however, 
such as lead, tin, copper, and iron, when subjected to very great 
stresses, behave like viscous fluids, and keep flowing as long as the 
pressure is kept up. Even with very small forces, such apparently 
solid bodies as sealing wax and cobbler's 
wax, which fly to pieces when we subject 
them to a sudden force, such as a blow 
from a hammer, will gradually yield 
when sufficient time is allowed, and con- 
sequently they must be considered as o *~- . — . t>. .— rr: 

very viscous fluids. For instance, a Viscosity uf a Fluid 
leaden bullet will sink in a thick piece 

of cobbler's wax and a cork will rise upwards through it, just as 
they would do through syrup or water, but they may take many 
months or years to do so. 

The viscosity of a fluid is measured by the shear stress required 
to deform it at the uniform rate of unit shear strain per unit time. 
Thus, if the figure represents a small portion of fluid and if a 
tangential stress /acts along A B and C D, the fluid will change 
its shape by the part A B moving along with a velocity v, rela- 
tively to the part D C. 

Then Shear strain produced \ ^ Velocit y of A 
' in unit time ) Distance A D 

Or, Rate of shea/r = - = u, 

d 

f 
Coeflacient of viscosity = im =- (I) 

When dealing with fluids at rest and in hydraulic machines, 




PRESSUKB OF A HEAVY FLUID. 




(HoKizoNTAL Section.) 

Tkanhmission of Pkessoke by 
Fluids. 



such as presses, cranes, &c., in whicli the motion of the liquid is 
;omparatively slow, we need not take account of their viscosity , 
3ut when considering their flow through pipes and channels it 
aecomes of great importance. 

Transmission of Pressure by a Fluid. — Pascal's law, that " iiuidd 
transmit pressure equally in all directions," follows at once from 

our definition of a fluid. Thus, 
take a vessel filled with a fluid and 
fltted with several frictionless 
pistons which all have the same 
area and are held in place by 
springs. If we now apply an in- 
ward force through the spring to 
one of the pistons, say Vj, we shall 
find that each of the other pistons 
will be pushed outward with the 
same force. Had the pistons been 
of different areas we should have 
found the forces proportional to 
their areas, showing that the pres- 
sure per unit area is the same in all directions. 

Another property following from our definition is that the pres- 
sure on any surface, real or imagined, is everywhere normal to 
that surface. 

Pressure of a Heavy Fluid— Head.— Had the fluid in the above 
experiment been water or mercury and the pistons placed at 
different levels, we should have found that the pressure was not 
the same on all of them, but greatest on the lowest and least on 
the uppermost piston. This difference 
is due to the weight of the fluid. For 
example, if we have a quantity of liquid, 
the pressure at the bottom end B, of a 
vertical column A B, would be greater 
than at A ; and, since the pressures 
round the sides of the column balance 
one another, the weight and the pres- 
sures on the ends must be in equi- 
librium. The difference of pressure is, 
therefore, equal to the weight of a 
cylinder of liquid whose length is A B and whose cross section 
has unit area. This will obviously be proportional to the length 
jf the column A B ; that is, to the difference of level. 

In the figure, the upper surface is open to the atmosphere, and 
is, therefore, called the Free Surface. The pressure at A is atmo- 
spheric, but in connection with hydraulics it. ia customary to reckon 
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this as the zero of reference, and when we speak of the pressure of 
a fiuiJ we mean the excess of its pressure above that of the atmo- 
sphere. 

Since we can have any pressure by taking A B of suitable 
length, we very often measure a pressure by the length of the 
vertical column of liquid which it will support — or, what is the 
same thing, which will produce the same pressure — and we shall 
term this length the Head. The column itself we shall refer to as 
the Pressure Column. With water each foot of head, and with 
mercury each inch, corresponds to nearly half a pound per square 
inch. The exact figui-es are : — 

1 Foot of Water = 0434 lb. per square inch. 

1 Inch of Mercury = 0491 

If A be the height of the, free surface above the point we are 
considering, and w the weight of unit volume of the liquid, the 
pressure per unit area will be : — 

p = wh 



(11) 

For fresh water, w may be taken as 6242, or nearly 62|- lbs. 
(1,000 ounces) per cubic foot, or 0'0361 lb. per cubic inch. 

Pressure on an Immersed Surface. — If the above pressure be 
exerted on every unit of a surface whose area is a, the total pres- 
sure on that surface will be : — 

V = axp = aUJh (Ill) 

This is also frequently called " the pressure," but it is usually 

quite clear whether the 

total pressure or the inten- 
sity of pressure is meant, 
although they are com- 
monly denoted by the same 
term. 

On a plane surface which 
is not level, the intensity of 
pressure is not the same for 
all parts. In such a case, 
we may find the total pres- 
sure as follows : — 

Let A B be the inter- 
section of the plane of the 
submerged surface with the free surface of the water. Draw the 
line B in that plane perpendicular to A B, and take D E, a 
very narrow strip or element of the surface, at right angles to B 
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and distant as from A B. A B and D E will be parallel since they 
are in one plane and both perpendicular to B C. Consequently, 
D E will be horizontal, and, therefore, the intensity of pressure 
over it will be uniform and equal to w y, y being the depth of the 
strip below the surface. Hence, if h be the breadth D E of the 
surface {i.e., the length of the strip), and dx that of the strip, the 
total pressure on the element will heh dx x wy, or b dxwx sin ^ 
since y^x sin 6, if S be the inclination of the plane to the hori- 
zontal. Now, we can split up the whole surface into a very large 
number of such elements and the total pressure on it will be the 
Bum of all those on the elements : — 



P = tw sin 6 \ bxdx. 



But h xdxis the area of an element multiplied by its distance 
from A B, and, therefore, from the definition of the centre of 
gravity of a lamina, the integral is equal to the whole area a 
multiplied by the distance of its centre from A B. Let this 
distance be x, and let A = S sin 0, be the depth of the centre 
below the surface : — 

Then, V = w s,m 6 X ax = a W h. ■ ■ ■ (III„) 

This is evidently the same pressure as if the surface were level 
and immersed at the same depth as its centre of gravity. 

Example I. — A cylindrical tank, 6 feet in diameter and 
10 feet deep, is filled with water ; find the bursting pressure 
round the base of the tank, and the pressure on its base. 

Answer. — The bursting pressure round the base is measured 
by the intensity of the fluid pressure on any small area of the 
curved surface infinitely near to the base. This pressure will 
be exactly equal to that on the base. Hence, the question 
resolves itself into finding the intensity of the pressure on the 
base. 

.", Bursting pressure \ 

round the base I- = Pressure per square inch on base. 
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of tank 

„ „ = n h W. 

„ „ = =-j- X 10 X 62-5 = 4:-341bs. per sq. in. 

Again, Total pres- ) _ j Area of base in sq. ins. x pressure 

sure on base j " ) j)er sq. in. 

Or, „ „ = yx 36x36x4-34 = 17,678 lbs. 
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Example II. — A circular water tank is 20 feet in diameter 
and 25 feet deep. It is constructed of 6 rings of cast-iron 
plates. Find the total stress on any vertical section of the 
bottom row of plates made by a plane passing through the axis 
of the cylinder, neglecting any assistance afforded Vjy the flanges 
or connection with the bottom plate. (S. .uid A. Exam., 1888.) 

Answer. — It has been proved in Lect. I., Vol. II., that when a 
cylindrical shell is subjected to internal fluid pressure, the total 
stress in the material along any section made by a plane 
containing the axis of the cylinder is equal to the total fluid 
pressure on either side of that part of the plane intercepted 
witliin the cylinder. 

Hence, total stress in material of bottom row of plates = total 

fluid pressure on vertical plane through the axis of the cylinder 

at the bottom row of plates. 

25 
Since the breadth of each ring = -g- = 4^ ft. ; therefore, depth 

of c. g. of bottom ring = A = 25 - ^ x 4^ = 22-96 ft. 
.•. Total stress in material \ 

along section at bottom > =ahw, 
row of plates j 

„ =(20x4^)x22'96x62-5 1bs. 

„ =119,357 lbs. 

Example III. — How is the pressure of water on a given area 
immersed in it ascertained? A water tank, 8 feet long and 
8 feet wide, with an inclined base, is 12 feet deep at the front 
and 6 feet deep at the back, and is filled with water. Find the 
pressure in lbs. on each of the four sides, and on the base ; 
water weighing 62^ lbs. per cubic foot. 

Answer. — The total fluid pressure on any area immersed in 
the fluid is given by the formula — P = a h W. 

Where a = Area of surface exposed to the fluid pressure, 

h = Depth of centre of gravity of immersed area below 

free surface of fluid, 
w = Weight of a cubic unit of fluid. 
The shape and dimensions of the tank will be readily seen 
from the figure. 

(a) I'd find the total pressure on IM front A B D. 
Here, a = A D x D C = 8 x 12 = 9G sq. ft. 

h = ^ depth D = 6 ft. m; = 62* lbs. per cubic ft. 

.', Pressure on front A B C D = ahw, 

„ „ = 96 X 6 X 62^ = 36,000 lbs. 
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(6) To find the total pressure on the hack E F M N. 

Here, a = P M x M N = 8 . G = 48 sq. ft. ; ^ = J E F = 3 ft. 

.-. Pressure on back EFMN = ahw, 

= 48 X 3 X 62| = 9,000 lbs. 

(c) To find the total pressure on base C B M F. 

Before we can find the area of the base, we must know its 
length F. From F draw F H parallel to E D, and therefore 
perpendicular to D 0. Then C H F is a right-angled triangle 




I'ressube ok Sides of Tank. 

whose sides are F H = E D = 8 ft., and H = D C - D H 
= D0-EF = 6ft. 



F = ^H F2 + H 02 = ^82 + 62 = 10 ft. 
a = C F X B = 10 X 8 = 80 sq. ft. 
Again, the depth of the c. y. of the base B M F is clearly — 

A = i (D + E F) = 9 ft. 
.-. Pressure on base C B M F = ahv;, 

= 80 X 9 X 62| = 45,000 lbs. 
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To find the depth of the centre of pressure we may proceed as 
follows : — 

Referring to our former figure we see that the moment about 
A B of the pressure on the elementary strip J) Ji in wy x b d x x x, 
or w sin 6 b x^ d x. Hence the total moment is : — 



M = w sin 6 \ bv?dx. 



Now, b a? dxYS, the product of the area of an element into the 

square of its distance from AB, and consequently / bx-dx is the 

second moment, or moment of inertia, of the area about A B. As 
shown in equation (III) of Lect. XII., Vol. I., it is, therefore, equal 
to 1 + ax^, where I is the moment of inertia about an axis H K, 
through the centre of gravity parallel to A B : — 

M. = w sin i il + a x^). 

Again, the moment of the resultant musb be the sum of the 
moments of its components. Let X be the distance of the centre 
of pressure from A B : — 

Then, F X = M = w sin ^ (I + a i^). 

„ w sin 6 {I + a x^) w sin ^ (I + a x~) 
i" IV sin S a 7c 

X = ^-i^. (IV) 

ax ^ ' 

That is, the distance of the centre of pressure from A B is the 
ratio of the second moment of the surfase about A B to its first 
moment about the same axis. 

If for I we write a A-, k being the radius of gyration about the 
axis H K, and h for x sin 6, we get : — 

^ _ ak-^ + ax^ ^ h"~ + x-^ _ k'- sin^ t) + /?2 

" ax " X ~ h sin i) ' ' ' ^ ' 

We shall now show how to ajiply these r-esults to a few simple 
cases, and will also explain an easier method for special cases. 

Centre of Pressure on a Rectangle. — Fii-st, consider a rectangle 
■niiiiprsed with one edsp in the surfuce. Wp find from Tahlf TT. 
in Lect. XII., Vol. I., that the value of k'^ for a rectangle is jL l- 
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where I is the length of the rectangle at right angles to the axis. 
Also, X will be H I : — 

x = iiiii^' = a + i)? = |L . . . (VI) 

If the rectangle be immersed further, until its centre is at a 
depth h, the top edge being kept horizontal, we do not get such a 
siraiile result, but it can be at once obtained for any given case 
trom equation (V). 




Centre of Pressube on a Rectangle. 

We can also obtain our result in the following manner:— At 
every point in B C — the central line of the rectangle — draw a line 
at right angles to it of such a length as to represent the whole 
pressure on a horizontal strip at that level. When the ends of 
these are joined we will have a triangle BOD, whose area repre- 
sents the total pressure on the rectangle. The resultant pressure 
will pass through the centre of gravity of this triangle, and will, 
therefore, be two-thirds down from the vertex. Hence, the centre 
of pressure is distant two-thirds of the length of the rectangle 

from the top. 

When the upper edge of the rectangle is below the surface, we 
obtain, instead of a triangle to represent the pressure, a trapezium 
B F E C, whose inclined sides, when produced, meet in the surface 
of the liquid. We ascertain the centre of pressure by finding the 
resultant of two forces, Pj and Pj, the former of which is pro- 
portional to the area of the triangle F E H, and is two-thirds 
down from F, while the latter passes through the centre of the 
rectangle B F H 0, and is proportional to its area. This may be 
done graphically as explained in Lecture V., Vol. III. 

Centre of Pressure on a Triangle.— For a triangle with its base 
in the surface, F = xV ^''' ^^""^ a; = -^ ^ :— 

x = ^--^- = (* + *)^ = *'- . . (vn) 
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This may also be proved geometrically. The intensity of 
[ii-ttssure on a horizontal strip is proportional to its depth below 
the surface, while the length of the strip, and, therefore, its area, 
is proportional to its distance from the vertex 0. Consequently, 
the whole pressure on each horizontal element will be proportional 
to the product x (I - x) for elements of the same width. The area 
representing the pressure will, therefore, be a parabola, B E D C, 
passing through B and C, with its axis perpendicular to B C, and, 
consequently, the centre of pressure must be half way down. 



Free Surface 




Free Surface 
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If the vertex is in the surface, and the base horizontal, then 
sc = -| Z : — 

X = i^V^' = (tV + I)^ = f ^- • ■ (VIII) 

Centre of Pressure on a Circle. — The only other case we shall 
consider is that of a circle immersed vertically, with its centre at a 
depth h. Here k"^ — ^ r~, and x = h : — 



h ■ 



(IX) 



When the circumference just touches the surface, h = r, and 
this becomes : — 

x = i^ = |rf (X) 

Where r is the radius, and d the diameter of the circle. 

Example V. — A sluice gate is 4 feet broad and 6 feet deep, and 
the water rises to a height of 5 feet on one side, and 2 feet on the 
other side. Find the pressure on the gate, and the centres of 
pressure. 
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Answer. — The net pressure on the sluice gate is evidently equal 
to the difierence of the pressures on the two side.s. 

Total Pressure on Back = a^ Aj tt) = (4 x 5) x 2-5 x 62-5 = 3,125 lbs. 

„ „ Front = aji.^w = {i X 2) X 1x62-5= 500,, 

Net pressure on gate = 2,625 „ 

The centre of pressure on the upper side is one-third of 5 feet, 
or 1 foot 8 inches, up from the bottom, and on the lower side, a 
third of 2 feet, or 8 inches. To find the resultant centre of 
pressure take moments about the bottom of the gate. Then, if 
this centre be distant x inches from the bottom : — 

2,625 X a; = 3,125 x 20 - 500 x 8 = 62,500 - 4,000. 

X = ^—^ = 22-3 ins. = 1 ft. 10-3 ins. 

2,625 

Energy of Still Water. — When water is at rest it possesses 

poteotial energy in virtue of its 
position and of its pressure. Con- 
sider a tank filled with water, and 
imagine a small mass m of the 
water to escape from the tank. 
This mass will not only lose 

t,„ I potential energy through falling to 

De^ci^m Level I ^ lowcr level, but it could also do 

work because of the pressure of the 
rest of the water pushing it a\vay. 
It is convenient to assume some datum level at which we take 
the energy of position as zero. 

Let H = Height of free surface above the datum level. 
„ /ij = Height of free surface above m. 
„ h^ = Height of m above datum level. 
„ g = Acceleration due to gravity. 
„ p = Density of fluid = mass of nnit volume. 
And, w = Weight of unit volume of fluid = p g- 
Then the work done in forcing out the mass tn is : — 
Energy of Pressure = Volume x Pressure. 

„ ,, = — X w h-i = m, g h-i. 

And, Energy of Position = m g h^. 

Total Energy = mg{h-^ + h^ = mgR. 

Or, for a unit mass : — 

Energy per unit mass = g {h^ ^ h^) '= g B. (XI) 
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This is constant for ■'!! pirt^ ofa homogeneous ftnid at rest, and 
H may be oalJed the toUxl head of the water in the tank. 

Common Suction Pump. — This consists of a bored cast-iron 
barrel P B, terminating in a suction pipe, S P, fitted with a per- 
forated end or rose E, which dips into the well from which the 
water is to be drawn. The object of the rose is to prevent leaves 
or other matter getting into the pump, that might clog and sjjoil 
the action of the valves. At the junction between the barrel and 
suction pipe there is fitted a suction valve S V, of the hinged 
clack type faced with leather. The piston or bucket B is worked 
up and down in the barrel of the pump by a force P, applied to 
the end of the handle H. This force is communicated to it 
through the connecting link of 
the hinged piston-rod, P H. 
In the centre and at the top 
of the bucket is fixed the 
clack delivery valve D V, 
which is also faced with 
leather in order to make it 
■water-tight. The bucket is 
sometimes packed with leather : 
but, in the present instance, a 
coil of tightly woven flax rope 
is wrapped round the packing 
groove. 

Action of the Suction Pump. 
— (1) Let the barrel and the 
suction pipe be filled with air 
down to the water-line, and 
let the bucket be at the end of 
the down stroke. Now raise 
the bucket to the end of the 
up stroke by depressing the 
pump handle. This tends to 
create a vacuum below the 
delivery valve ; therefore, the 
air which filled the suction pipe 

opens the suction valve, expands, and fills the whole volume of the 
barrel. Consequently, according to Boyle's law, its pressure must 
be diminished in the inverse ratio to the enlargement of its volume. 
This enables the pressure of the atmosphere to force a certain 
quantity of water up the suction pipe, until the weight of this 
column of water and the pressure of the air between the suction and 
delivery valve, balance the pressure of the outside atmosphere. 

(2) In pressing the bucket to the bottom of the barrel by ele- 
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vating the handle, the suction valve closes and the delivery valve 
opens, thereby permitting the compressed air in the barrel to 
escape through the delivery valve into the atmosphere. 

(3) Raise and depress the piston several times so as to produce 
the above actions over again, and thus gradually diminish the 
volume of the air in the pump to a minimum. Then water will 
have been forced by the pressure of the atmosphere up the suction 

pipe and into the 
^^1^^ pump, if the Vjucket 

and the valves are 
tight, and if the deli- 
very valve when at 
the top of its stroke 
be not more than the 
height of the hydro- 
barometric column 
above the water line 
of the well.* 

(4) The bucket 
now works in water 
instead of in air; in 
fact, the machine 
passes from being an 
air-pump to being a 
water one. During 
the down stroke of 
the piston water is 
forced through the 
delivery valve, and 
during its up stroke, 
this water is ejected 
through the spout ; 
at the same time, 
more water is forced 
up through the suc- 
tion pipe and valve to fill the vacuum created by the receding 
piston. In the case of a common suction pump water is therefore 
discharged only during the up stroke of its piston. 

• Theoretically, such a jjump should be able to lift water from a depth 
of 34 feet below the highest part of the stroke of the delivery valve, but 
practically, owing to the imperfectly air-tight fitting of the piston and the 
valves, it is not used for withdrawing water from wells more than 20 to 25 
feet below this position of the dehvery valve. In fact such a pump fre- 
quently requires a bucket or two of water to be poured into it above the 
dehvery valve in order to make it work at all, if it should have been loft 
standing for some time without being worked. 
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Belt-driven Suction Pump. — When we have to raise a consider- 
able quantity of water during a long time, then it becomes advisable 
to apply power derived from some prime mover. The foregoing 
figure illustrates an ordinary suction pump driven by a belt, with 
fa.'it and loose pulleys, crank shaft, and connecting-rod. Here the 
suction valve and the piston are faced 
with leather or india-rubber, whilst the 
bucket valve is made of brass and 
ground to fit its seat. The upper por- 
tion of the pump is fitted with a swivel i,j;atheii Packing for 
head, so that the pulleys may be placed Piston of Suction Pump. 
fair in line with the driving pulleys. 

Example VI. — Given two simple bucket pumps, each having 
a stroke of 1 foot, and cross area of bucket, iiO square inches. 
Suppose everything perfectly air tight, and the supply pipe 
20 square inclies area in one case, and 10 square inches area in 
the other. Neglecting friction, you are to compare the tensions 
on the pump rods at ends of first up stroke in each case, suppos- 
ing the bucket to be 24 feet above free surface of the water in 
the well when at the bottom of its stroke. The supply pipe 
reaches to the under surface of bucket when the latter is at the 
bottom of its stroke. 

Answer. — 

Let p = Pressure in lbs. per sq. ft. on under surface of 
bucket at end of first up stroke. 

20 
., a = Area of bucket = rr-r-, sq. ft. 
144 ^ 

,, A = Height of water barometer = 34 ft. 

,, ?« = Weight of 1 cub. ft. of water = 62| lbs. 

,, x = Height water rises in suction pipe for first up stroke. 

First Case. — Lifting or suction pipe Juiving an area equal to 
that of the bucket. 

Then at end of first up stroke, we get : — 

Pressure ot air on upver surface of ] , . j • -r. 

1. 1. f ( ~ Atmospheric Fressure 

„ ,, = ahw lbs (1) 

{Atmos. pressure 
-pressure of 
small column, x, 
of water 

II }> = a (h - x) w. 

And, p = (h-x)w. . . . . (2) 
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Since there is exactly the same quantity of air between the 
bucket and the surface of the water in the pipe at tlie end of 
the stroke as there was before the stroke com- 
menced, we may apply Boyle's Law to determine 
the volume of air under the bucket at end of 
stroke. 

pax (25 - x) = ah w x 2A:. 

Substituting, p = {h - x) w, from equation (2), 
we get : — 

{h - a:) (25 - x) = Uh. 

Since, A = 34 ft., we get, by substitution, and 
multiplication : — 

a;2 - 59 a; + 34 = 0. 



FiRST Case. 



59 ± 57-83 



ft. 



The minus sign in the numerator of the fraction on the right- 
hand side of this equation is the only one admissible. 

1-17 

Hence, 

~ . . „ J { Press, on upper surface of bucket 

Tension in pump rod = { r, / i 

^ ^ ( - 1 ress. on under surjace. 



■58 ft. or = 1 inches, nearly. 



axw. 



- a i^i — x)w 

•58 X 62-5 = 504 lbs. 



„ „ = ahw 

- ^ 

Second Case. — Lifting or suction pipe leaving an area equal to 
half that of the bucket. 

The symbols denoting the same quantities as before, we get : — 

Pressure of air on upper surface of bucket = ah w\hs. . . (3) 

Pressure on under surface of bucket = p a 

= a{h-x)w. 

Vol. of air between bucket and surface of \ _ ^ „ , 

water at beginning of stroke . . f ^ 

„ „ = Ua cub. ft 



(4) 



Vol. of air between bucket and surface of ( 



water at end of up stroke 
4 



/ 



= ^ a X {2i - x) + a X 1 

= ^ (26 - x) a cub. ft. 
2 
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By Boyle's Law, we get ; — 

{h - x) w X A ('J6 — x)a = liw y- 12 a. 
Substituting h= 34, and simplifying, we get: — 

a;2 - 60 a; -I- 68 = 

X = 115 ft. or = 13-8 inches, nearly. 
Hence, 
Tension in pump rod = axw. 

20 



144 



X 1-15x62 5 = 10 lbs. 




Second Case. 



Air Pump. — The figure on next page is a sectional 
elevation and outside plan of the air pump for the 
1500 horse-power compound engines of the S.S. 
" St. Eognvald," which are fully described in the 
Author's Text-Booh on Steam and Steam Engines. 
During tlie up stroke of the pump bucket P B, 
condensed steam and vapour are drawn from the 
surface condenser through the foot valve F V, into 
the space below the bucket, whilst any water and 
vapour that may have been lying above it, are 
forced through the delivery valves D V, into the hot well H. 
During the down stroke of the bucket, the water and vapour 
below it pass upwards through the bucket valves B V, into the 
Bpace left by the descending bucket ; at the same time, the foot 
and delivery valves automatically close on their seats. These 
actions take place in succession during each up and down stroke 
of the air pump-rod APE, which jiasses through an air-tight 
stuffing box, and is linked to the piston-rod crosshead of the high- 
pressure cylinder by short connecting-rods and side levers. 

The object of placing the delivery valves on the top of the air- 
pump barrel in addition to the ordinary bucket valves, is to cause 
a vacuum to be produced above the latter dui-ing the down stroke 
of the bucket, and thus facilitate their opening, as well as to give 
the vapour from the condenser a free space between these two sets 
of valves into which it can expand. 

The cast-iron barrel of the air pump is lined with a truly bored 
brass chamber BCh, the pump bucket is rendered tight by hemp 
rope packing H P, the foot valve is readily inspected or removed 
by unbolting or lifting the foot valve cover F V C, whilst the 
whole is bolted securely to the surface condenser bracket S C B 
and to the circulating pump bracket U P, B. ^ ' 
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Single-acting Force Pump. 

— The upper or outer end of 
the pump barrel P B, is yjro- 
vided with a stufBng-box S B, 
and gland G, through the air- 
tight packing of which the 
solid pump plunger P P, 
works. During the up or out- 
ward stroke of the plunger a 
vacuum is created in the 
pump barrel, and consequently 
air is expanded into it from 
the suction pipe. This pipe 
is attached to the flange of the 
suction valve-box. During 
the down or inward stroke 
the suction valve S V, closes, 
and the pent-up air in the 
barrel is forced through the 
delivery valve D V. This 
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aofcion goes on precisely in the manner just explained in the 
case of the suction ])ump, until the water rises into the barrel. 
Then the inward stroke of the plunger drives through the delivery- 
valve to any desired height or against any reasonable back pres- 
sure, as in the case of a feed pump for a steam boiler; 

Both the suction 
and the delivery 
valves are made of 
brass, and fit accu- 
rately into their 
brass seats. The 
covers to the valve 
chests are provided 
with checks Ch, to 
prevent the valves 
from rising more 
than the distance re- 
quired to pass the 
water freely through 
them.* 

The eye of the 
plunger may be at- 
tached to a connect- 
ing-rod actuated by 
a hand lever, as in 
the case of the com- 
mon suction pump, 
or it may be worked from an eccentric or crank revolved by a 
steam engine or other motor. By whichever way it is worked, 
the force applied to the plunger must be sufficient to overcome 
the friction between the plunger and the packing, the resistance 
due to sucking the water from the source of supply, and of driving 
the same up to the place where it is delivered. 

As in the case of the suction pump, the water is only delivered 
during each altei'nate stroke of the plunger, and, consequently, in 
an intermittent or pulsating fashion. 

Very often three pumps of this kind are combined in one, each 
plunger being driven by a separate crank on a common shaft, and 
the cranks making angles of 120° with each other. Such an 

* If d be the diameter of the bore of the valve seat, and h the required 
lift of the valve to give an opening equal in area to that bore, then h must 
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be quarter of d 
valve opening = trdh. 



For the area of bore = 

7rd2 



and the equivalent area of the 



■rrdh. Or, A =- 
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arrangement is called a three-throw pump, and gives a very steady 
stream. 

Single-acting Force Pump with Ball Valves.— The following 
illustration is a simple modification of the previous one, wherein 
ball valves are substituted for the common-circular three feathered 
type. The right-hand side forms the suction and the left-hand 
the delivery side. All the parts are made extra thick and strong 




Single-acting Force Pump with Ball Valves. 

to resist shocks and vibrations, and most of the bolt holes have been 
cored to the outside of the flanges for the purpose of facilitating 
rapid connection and disconnection. This form of pump is much 
used for forcing feed-water into steam boilers, &c. 

Force Pump with Air Vessel. — In the accompanying figure we 
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FOKCE PCJMP WITH AlB VESSEL. 



have an illustration of a force pump with both the suction and 
the delivery valves placed on one side of the pump barrel and then 
-unijoiinted by an air vessel. The plunger, instead of being solid, 
as in the previous cases, is made up of a hollow trunk or barrel, 
with a connecting-rod fixed to an eye-bolt at its lower end. 

Action of the. Air Vessel. — Dur- 
ing the inward or delivery stroke 
of the plunger barrel P B, part of 
the water, which is forced from 
the barrel B, goes up through 
the delivery valve D V^, into the 
delivery pipe D P, and the re- 
mainder enters the air vessel A V, 
and consequently compresses the 
air therein. During the outward 
or non-delivery stroke of the plun- 
ger the compressed air in the air 
vessel presses the rest of the water 
into the delivery pipe. In this 
simple way a continuous flow 
of water is maintained in the 
delivery pipe, and with far less 
shock, jar, and noise than in the 
previous cases. Where very smooth working is required, an air 
vessel is also put on to the suction pipe S P. Should the air'in the 
air vessel become entirely absorbed by the water, the fact will be 
noticed at once, by the noise and the intermittent delivery. Then, 
the pump should be sto)>ped, the air cook AC opened, and the 
water run out. When the air vessel is again full of air, the air 
cock should be shut and the pump restarted. 

Continuous-delivery Pumps without Air Vessels. — A fairly con- 
tinuous delivery of water may be obtained by making the plunger 
of the piston form, and the pump-rod exactly half its area ; for 
here, during the down stroke, half the water expelled by the 
jjiston P, from the under side of the pump barrel goes up the 
delivery pipe D P, and the other half is lodged above the piston, 
to be in turn sent up the delivery pipe during the up stroke. 
Where very high pressures are required, such as in the filling of 
an accumulator ram, pumps working on this principle, but of the 
following form, are frequently used. The action is precisely the same 
as in the one just described, and the same index letters have been 
used, so that the student will have no difliculty in understanding 
the figure. The directions of motion of the piston and of the 
ingoing and outflowing water have been marked by straight and 
feathered arrows respectively. 
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With accumulators, and for other kinds of high-pressure work, 
it is not advisable to use air vessels, because you cannot prevent 
the water which enters them absorbing air and carrying the same 
with it to the hydraulic machines where its presence would be 
most objectionable. If 750 to 1000 or more lbs. pressure per 

square inch be gener- 
ated, then you would 
require a very large 
and strong air vessel 
before it could be of any 
service. If a pressure of 
only 750 lbs. per square 
inch were used, then, 
since the normal pres- 
sure of the atmosphere is 
15 lbs. per square inch, 
the air in the air vessel 
would be compressed, in 
accordance with Boyle's 
law, to ^, or J^ of its 
original volume. Conse- 
quently, with an air 
vessel of 50 cubic feet 
internal capacity, there 
would be only 1 cubic 
foot of air in it, when the 
pump was in full action. 
Double-acting Force 
Pump. — The pumps 




Continuous-delivery Force Pump 
WITHOUT AN Air Vessel. 



which we have hitherto considered are all single-acting, in the 




Continuous-delivery Force Pump as used in Connection with 
THE Armstrong Accumulator. 

sense that they do not both suck and discharge water during 
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each stroke. This can, however, be accomplished by having two 
sets of suction and delivery valves placed at each end of the pump 
barrel, as shown by the accompanying figure. Here, during the 
outward stroke of the piston the pump draws water from the 
source of supply through the inlet pipe and suction valve S Vj, 
while, at the same time, the piston forces water in front of it 
through the delivery valve D Vj, and outlet pipe. During the 
inward stroke, suction takes place through S Vj ^'i'' discharge 
through D Vj, all as clearly shown by arrows in the drawing. 
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Double-acting Force Pump. 



The valves are provided with india-rubber cu.shions I R, to ease 
the shock and minimise the jarring noise due to their reaction 
and natural reverberation when they are suddenly opened and 
closed. 

Double-acting Circulating Pump. — The following figure is a 
sectional elevation and plan of the circulating pump for the same 
marine engines as the previously described air pump. During the 
upstroke of the piston or pump bucket P B, water is drawn from 
the sea through the suction pipe S P, and the lower suction valves 
S V, into the lower part of the pump chamber P Ch. At the 
same time, the water from the top part of the chamber is forced up 
through the upper delivery valves D Y, along the circulating water 
pipe W P, into the surface condenser tubes, and from thence into 
the sea. During the down-stroke of the pi.ston, the water which 
had previously entered by the bottom of the pump chamber is 
forced through the lower delivery valves D V, into the condenser 
tubes and sea, and at the same time, more water is taken into the 
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Double-acting CiKCULATrN'G Ptiirp 
FOR A Makinb Engine. 



top part of the pump 
chamber from the sea 
through the upper suc- 
tion valves S Y. These 
double actions take 
place in the manner 
described during each 
stroke, so that a stream 
of cold water is kept 
flowing through the con- 
denser tubes, in order to 
maintain a vacuum dur- 
ing the exhaust of the 
steam from the low- 
pressure cylinder on to 
the outside of the cooled 
condenser tubes. 

The cast-iron pump 
barrel of the ciivulat- 
ing pump is lined with 
a truly bored brass 
pump chamber. The 
pump piston is also 
made of brass, and is 
rendered sufBcieutly 
water-tight by the 
simple device of turn- 
ing three grooves in 
its outer cylindrical 
surface. The pump- 
rod passes through a 
water-tight gland and 
stufling-box, and is con- 
nected to the recipi'O- 
cating piston-rod cross- 
head by links and side 
levers, in the same way 
as the air pump-rod. 
The whole is securely 
bolted to the surface 
condenser and air pump 
brackets. 

Worthington Steam 
Pump. — The perspec- 
tive and sectional views 
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of this well-known pump, together with the following description, 
will serve to explain the construction and action of one of the best 
examples of the duplex class of steam pumps for feeding boilers, 
working accumulators, and hoists. It is termed a duplex pump, 
from the fact that it consists of two steam and two water cylinders 
placed side by side. The pumps draw water from the suction pipe 
S P, and are in this case safeguarded from shock on the suction 
side by an air vessel S A V. The water is admitted through the 
suction valves S Vj, 8Y„, at each stroke respectively, and delivered 
by the valves D Vj, D Y,^, into the discharge pipe D P, under the 
smoothing action of the discharge air vessel D A V. 




Vertical Section of the Woktiiington Steam Pump. 



The steam pistons and the pump plungers are directly connected 
together by a piston-rod, and give a swinging motion to the inter- 
mediate long levers L, which are attached by two separate spindles 
to two shorter levers which work the slide valve spindles. When- 
ever one of the steam pistons moves towards either end of its stroke 
the other piston is approaching the opposite end of its stroke, and 
by the combination of levers, piaton-rods, and spindles the slide 
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valve of the one steam cylinder is actuated by its neighbour. The 
slide valves have neither lap nor lead, but immediately the piston 
of one cylinder covers one or other of the inner exhaust piorts the 
steam in that cylinder is cushioned, and thus tlie pistons are pre- 
vented from striking their cylindrr covers. Each piston as it 
reaches the end of its stroke automatically waits for its slide valve 




Perspective View of the Worthington Steam Pump. 



to be moved by the other piston-rod before it makes a return stroke. 
By this arrangement, the pump valves have time to close properly 
on their seats, and a natural smooth motion of the whole of the 
working parts takes place. There are no dead points in this form 
of duplex pump, consequently it is always ready to be started either 
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by the opening of the stop valve or by the automatic action, of a 
float connected to the throttle valve by a chain or rope. 

Pulsometer Pumps. — The very first steam pump, which was 
inrented by Thomas Savery in 1698, had no working parts except 
the valves. This type has been revived for certain kinds of work in 
pumps of the pulsometer class, of which Bailey's " Aqua Thruster" 
is a good example. It consists of two long chambers, in each of 
which there is a valve opening upwards at the bottom, and one 
opening outwards at the side. At the top junction between these 
two chambers there is a flap valve which can put either in com- 
munication with a steam pipe while the other is shut off therefrom. 

Now, suppose the right-hand chamber to be full of water while 
the left one is full of steam, and that the upper valve is in the 
position shown. Steam will enter the right-hand chamber and 
force the water out through the delivery valve at the side. At 
the same time the steam in the left compartment will be con- 
densing, and water will therefore rise into it through the bottom 
valve, provided the apparatus be not too far above the free surface 
of the water. The inertia of this water will cause it to continue 
in motion after all the steam is condensed, and it will therefore 
compress the air that remains to a sufficient extent to shift over 
the valve to the other side.* If there is no air, then the water 
itself will strike the valve and knock it over to the other side. 
The conditions of the chambers are now interchanged. Water 
will be forced out from the lefb one, and fresh water will rise into 
the other, and the process begins again. 

A large loss occurs in this kind of pump through the conden- 
sation of steam during the down stroke of the water, and also 
owing to the fact that the i^team is used non-expansively. To 
reduce the former loss little cocks open into the top of the cham- 
bers and admit a little air during the time there is a vacuum 
inside. This air prevents the steam from coming so quickly into 
contact with the water as it otherwise would do, and thus reduces 
the loss during admission. A slight escape of steam takes place 

* This is not the common explanation o£ the working of the pulsometer 
valve. It is — "As soon as the water is lowered below the upper surface of 
the delivery valve, steam blows through with some violence and causes a 
commotion and a rapid condensation in the chamber. The valve is then 
drawn to the right-hand side. " This is quite wrong. The valve can only 
be shifted by being pushed, owing to the pressure on the closed side becom- 
ing greater than that on the other side, and it is difficult to see how the 
pressure in a chamber in direct communication with the boiler can become 
less than that in one where the steam is already all condensed, and where 
the pressure is considerably below that of the atmosphere. Besides, it is 
probable that in steady working the water never gets as low as the 
delivery valves. 
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PuLSOMETEE Pump by W. H. Bailey Sl Co., Ltd., Manchestek. 
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ROOTS BLOWER. 



31 



through these cooks, as they are always kept open ; but as tbeir 
bore is so very small, the loss is less than the gain. To diminish 
the latter loss an extra self-acting valve, called the " grel," has 
been added to some forms of pulsometer with the intention of 
cutting off the steam earlier, and then using it expansively. 

Pumps of this class are exceedingly handy for dealing with 
dirty water and for tempoi-ary purposes owing to their simplicity, 
few working parts, and the ease with which they can be erected. 
It is sufficient to suspend them by a chain and connect them by a 
pipe to a portable boiler. A suction pipe projects down below the 
•water surface, and a flexible hose pipe will carry off the discharged 
water. The full page illustration shows the "Aqua Thruster" in 
use for pumping water from a dock during its construction. 

Eoots' Blower. — A form of rotary pressure pump, known as 
Eoots' Blower, is used for obtaining a blast of air at a moderate 




Two FoKMS OF Roots' Blower. 



pressure, and for pumping liquids. Two vanes rotate inside a 
closed casing, and sweep the fluid round with them. They are 
connected by spur wheels outside so as to be always at right 
angles to each other, and they have such a shape that practically 
nothing is carried backwards at the central part of the machine. 
They can produce a higher pressure than an ordinary blowing fan, 
and are handier for many purposes than a blower of the cylinder 
and piston type. The student should note that this is not a 
centrifugal pump or fan, although there are no reciprocating parts, 
but simply a rotary form of pressure pump. 

If a fluid be forced through this machine, then it will cause the 
vanes or teeth to rotate ; hence it will work as a motor, and there- 
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edges of the leather collar against the ram, and the other edge 

against the side of the bored cavity in the neck of the cylinder, 

with a force directly proportional 

to the pressure of the water in the 

cylinder. By this simple automatic 

action, the greater the pressure in 

the cylinder the tighter does the 

leather collar grip the ram and bear 

on the cylinder's neck. 

Referring again to the figure of 
the Bramah press, by taking mo- 
ments about the fulcrum at F, we 
obtain the pressure Q, on the 
plunger of the force pump. Neglect- 
ing weight of lever and friction, we 
get :— 

PxAr = QxBr. 



Q = 



AF 



BF 



Further, we know that the statical 
pressure Q, is ti'ansmitted with un- 
diminished force to every correspond- 
ing area of the cross section of the 
ram. Hence, 




Leather Collar for a Large 
Hydraulic Press. 



Q : W : : area of plunger : area of ram. 

W X area of plunger = Q x area of ram. 
Or, W X T r2 = Q X T R2. 

Where r = radius of plunger, and R = radius of ram, both in the 
iame unit. Substituting the previous value for Q, and dividing 
^■ach side of the equation by ■a-, we get : 

^ ., P X AF „„ 

W X r 



W 



Where D and d are the diameters of the ram and plunger 
■espectively. 

Example VII.— In a small Bramah press, P = 50 lbs., AF 
= 20 ins., B F = 2 ins., area of plunger = 1 sq. in., whilst area of 



B F ^ "^ • 




P X A F R2 

BF "" r2 " 


P X AF D2 
BF "" a!2 
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ram = 14 sq. ins. Find W, neglecting friction and weight of 
lever. 

Answer. — By the above formula : — 

„^ P X AF R2 
^ = — BF- ^ ■^■ 

W ^ '-^^ . "^ = 7.000 lbs. 

Example VIII. — In Bramah's original press at South Kensing- 
ton the plunger is 3 ins. in diameter, and it acts at a distance of 6 ins. 
from the fulcrum, which is at one end of a levor 10 ft. 3 ins. long, 
carrying a loaded scale-pan at the other end. What should be the 
pressure of the water in the press in order to lift a weight of 
3 cwts. in the scale-pan, neglecting the weight of the lever 1 Make 
a diagram of the arrangement. (S. and A. Exam., 1892.) 

Answer. — Here d = 3 ins., consequently the area of the 

plunger = jd^ = -7854 x 3 x 3 = 7 sq. ins., and B F = 6 ins. ; 

A F = 10 ft. 3 ins. = 123 ins.; P = 3 cwts. = 3 x 112 = 336 lbs. 
Now we have to find the pressure per sq. in. on the ram that will 
balance P, acting with the stated advantage, since the area of the 
ram is not given. 

By the above formula : — 

P X AF area of 1 sq. in. 336 x 123 1 

\y ^ X = X — 

B F area of plunger 6 7 

Or, W = 984 lbs. per sq. in. 

Hydraulic Flanging Press. — As an example of the practical 
application of the Bramah press to modern boiler-making, the 
accompanying illustration shows the form which it takes when 
used for flanging. It is worked by a high-pressure water supply 
derived from a central accumulator, which may at the same time 
be used to work cranes, punching, riveting, and other similar 
machine tools. 

The operation of flanging the end tube-plates of a locomotive 
boiler is carried out in the following manner : — The ram E, is 
lowered to near the bottom of the hydraulic cylinder H C, in order 
to leave room to place the heated boiler plate on the movable table 
To. High-pressure water is then admitted from the central ac- 
cumulator to the auxiliary cylinders A C, thus forcing the side 
rams S R, with their table Tj, and the plate P vertically upwards, 
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until the upper surface of the plate bears hard against the bearers 
B, or internal part of the dies. Water from the same source is 
now admitted into the hydraulic cylinder H C, and forces up the 
ram R with its table Tj, supporting columns S C, and the external 




Large Hydbadlic Press foe Flanging Boiler Plates.* 

• The above figure is a reduced copy of one from Prof. Henry Robinson's 
book on Hydraulic Machinery, published by Messrs. Charles GriflBn & Co. 
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part of the disc D, until the latter has quietly and smoothly bent 
the heated edge of the plate round the curved corner of the inter- 
nal bearer B. The ram E is now lowered, carrying with it the 
table Tj and dies D, by letting out the water from H 0. Then 
the table Tj with the ilanged plate is lowered by letting out 
water from A C. The plate is removed from its table, allowed to 
cool, faced, placed in position in the barrel of the boiler, marked 
off for the rivet holes, drilled, rimed, and riveted in the usual 
manner. The student will thus understand what a useful and 
powerful tool a hydraulic press is to the engineer in the hands of a 
skilful workman ; for, it can be made to do better work in far less 
time, and with far greater certainty, uniformity, and exactitude, 
than the boiler-smith can turn out, with any number of hammer- 
men to help him. It is fast replacing the steam-hammer for 
cressing work, and also steam or belt-driven punching and riveting 
machines, steam cranes, screw and wheel-gear hoists, as well as 
the screw press for making up bales of goods. 

Hydraulic Jack. — This is a combined force pump and hydraulic 
press arranged in such a compact form as to be readily portable, 
and applied to lifting heavy weights through short distances. It 
therefore eflFects the same objects as the screw-jack, but with less 
manual effort and with greater mechanical advantage. 

The base on which the jack rests is continued upwards in the 
form of a cylindrical plunger, bo as to constitute the ram of the 
hydraulic cylinder H C. Along one side of this ram there is cut a 
grooved parallel guide slot G S, into which fits a steel set pin, 
screwed through the centre of a nipple cast on the side of the 
cylinder (not shown in the drawings) for the purpose of guiding 
the latter up and down without allowing it to turn round. The 
top of the ram has bolted to it a water-tight eup leather C L, by 
means of a large washer and screw-bolt. 

The action of this cup leather is precisely the same as the 
leather collar in the cylinder of the Bramah press already de- 
scribed; but it has only to be pressed by the water in one direction 
— viz., against the sides of the truly-bored cast-steel cylinder, 
instead of against both the ram and the cylinder neck, as in the 
former case. The head H and upper portion of the machine is 
of square section, and is screwed on to the hydraulic cylinder in 
the manner shown by the figure. It contains a water reservoir 
W R, which may be filled or emptied through a small hole by 
taking out the screw plug S P.* In the centre line of the head- 

* This screw plug S P is slackened back a little to let the air in or out 
of the top of the water reservoir when working the jack. There is gene- 
rally another and separate screw plug opening for filling or emptying the 
water reservoir, quite independent of the above-mentioned one, which is 
used in this case for both purposes. 
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piece there is placed a small force pump, the lower end of which 
IS screwed into the centre of the upper end of the hydraulic cylin- 
der. This pump is worked by the up-and-down movement of a 
handle placed on the squared outstanding end of the turned crank 
shaft C S. To the centre of the crank shaft there is fixed a crank 
C, which gears with a slot in the force-pump plunger P, and thus 
the motion of the handle is communicated to the pump plunger. 
By comparing the right-hand section of the water reservoir, and 
the section on the line A B, with the vertical left-hand section of 
the jack, it will be seen where the inlet and delivery valves I Y 
and D V are situated. On raising the pump plunger P, water is 
drawn from W R into the lower end of the pump barrel through 
I V, and on depressing the plunger this water is forced through 
the delivery valve D V, into the hydraulic cylinder, thus causing a 
pressure between the upper ends of the cylinder and the ram, and 
thereby forcing the cylinder, with its grooved head H, and foot- 
step S, upwards, and elevating whatever load may have been 
placed thereon. Both the inlet and outlet valves are of the kind 
known as "mitre valves." They have a chamfer cut on one or 
more parts of their turned spindles, so as to let the water in and 
out along these channels. The valves are assisted in their closing 
action by small spiral springs S S, bearing in small cups or hollow 
centres, as shown more clearly in the case of D V by the enlarged 
section on A B. 

When it is desired to lower the jack, the relief valve R V is 
screwed back and the water is thus allowed to be forced up again 
into W R. 

Example IX. — Mr. Oroydon Marks, in his book on Hydraulia 
Machinery, illustrates and describes another method of loweriug 
the jack-head (first introduced by Mr. Butters, of the Royal 
Arsenal, Woolwich), where, by a particular arrangement, the inlet 
and delivery valves are acted upon by an extra depression of the 
handle, and consequent movement of the pump plunger. He also 
gives the main dimensions, with a drawing, of the standard 4-ton 
pattern as used by the British Government, where the ram has a 
diameter D = 2 ins., the pump plunger a diameter d=\ in. ; and the 
ratio of the leverage of the handle to the crank is 16 to 1. There- 
fore, from the previous formula we find that : — 

mi. mi. • 7 .J W AF D2 16 22 64 

J. he Iheoretical Advantage = "^ = w^ ^772~T ''T2~1~' 

And he instances two trials by Mr. W. Anderson, the Inspector- 
General of Ordnance Factories, to determine the eflaciency of these 
jacks, where, with a pressure on the end of the working handle of 
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76 lbs., the theoretical load should have been 76 lbs. x theoretical 
advantage = 76 x 64 = 4,864 lbs., instead o^ which it was only 
3,738 lbs. :— 

4,864 lbs. : 3,738 lbs. : 100 ; x. 

Or, X = ^''^^,^^/°^ = 77 per cent, efficiency. 

' 4,864 

In a second trial, a load of 1,064 lbs. required a pressure of 
22 lbs. on the handle, and consequently the efficiency at this 
lighter load, as might be expected, was less, or only 74 per cent. 

Example X. — With a hydraulic jack of the dimensions given 
above, and of 77 per cent, efficiency, it is desired to lift a load of 
4 tons ; -what force must be applied to the lever handle ! 

Answer. — By the previous theoretical formula : — 

„, p X AF r- 

w = -^^- . ^,. 

P = V 

A P D2 

4 X 2,240 X 1 !■ .,^„„ 
„ 16 X2. =1*0 1^^ 

But the efficiency of the machine is only 77 per cefit., consequently 
140 lbs. is 77 per cent, of the force requireu: — 

77 : 100 : : 140 lbs. : x Voi. 

140 X 100 ,„, „, ,, 
X = =r= --= i81-81 lbs. 

77 

Example XL — Show, with the aid of sectional sketches, the 
construction of the ordinary hydraulic lifting jack. If, in such 
a machine, the mechanical advantage of the lever or handle is 
12 to 1, and the diameter of the lifting ram is 2 inches, while 
the diameter of the plunger is | of an inch, what weight can be 
lifted theoretically when a pressure of 50 lbs. is applied to the 
lever handle? (S. & A. Exam., 1891.) 

Answer. — The hydraulic jacir has been fully described and 
illustrated in this lecture. 

Let D = Diameter of ram = 2 inches. 
,, d= ,, plunger = I inch. 

,, w = Mechanical advantage of lever = 12 : 1. 
,, P = Effort applied at end of lever = .50 lbs. 
, W = "Weight raised. 
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Tt Q denotes the pressure on the plunger, caused by the 
effort P applied at the end of the lever, tiien :— 

Q = Pm. 

p, , VV area of ram D^ 

Q area of plunger cZ^ ' 

w pg 

Pn~rf2- 

This is a formula giving the relation between W, P, n, D, 
and d, which is also true for the hydraulic press. 

Substituting the above values in this formula, we get ; — 



2- 
n\2' 



'(if 
W = 3,134 lbs., or =14 tons, nearly. 

Hydraulic Bear. — This is another very useful application of the 
hydraulic press and force pump. It is used in every shipbuilding- 
yard and bridge-building works. By comparing the drawing with 
the index to parts, it may be seen that its construction and action 
are similar to the hydraulic jack just described in full detail, and 
we need say nothing more than direct the student's attention to 
the action of the raising cam, and to the means by which the appa- 
ratus is lifted and suspended. In order to raise the yjunch P, for 
the admittance of a plate between it and the die D, the relief 
valve E. V, must first be turned backwards, and the lever L, 
depressed. This causes the corner of the raising cam R C, to force 
the hydraulic ram H E, upwards, and the water from the 
hydraulic cylinder H 0, back into the water reservoir W E,. The 
relief valve E V, may now be closed and the plate adjusted in 
position. Then the pump lever P L, can be worked up and down 
until the punch P, is forced through the plate, and the punching 
drops through the die hole D, in the metal frame M F, to the 
ground, or into a pail placed beneath to receive it. 

The whole bear is suspended by a chain (worked by a crane or 
other form of lifting tackle) attached to a shackle, whose bolt 
passes through a cross hole in the back of the metal frame M F, 
just above, but a little to the front of, the centre of gravity of the 
machine. This hole and shackle are not shown in the drawing, 
but the student can easily understand that the hole would be 
bored a little above where the letters R 0, appear on the side view, 
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and that the chain would pass clear of the pump lever, since this 
works well to the right-hand side of the bear. 




Side View and Section. End View and Section. 

The Hydraulio Bear, ok Portable Punching Machine. 



Index to Parts. 



P L represents Pump lever. 
C S „ Crank shaft. 



C 

PP 

WR 

IV 

DV 

RV 



Crank. 

Pump plunger. 
Water reservoir. 
Inlet valve. 
DeUvery valve. 
Relief valve. 



H C represents Hydraulic cylinder. 
C L ,, Cup leather. 



HR 

RC 

L 

P 

D 

MF 



Hydraulic ram. 
Raising cam. 
Lever for R C. 
Punch. 
Die ring. 
Metal frame. 



Lead-covering Cable Press. — Hydraulic presses are now 
employed for making lead pipes, and for covering electric light 
cables with a close-fitting tube of lead. For the former purpose 
the lead is heated until it is nearly melted in a strong chamber 
from which it is forced by rams to squirt through a die at the top 
of the machine. A mandrel projects into the centre of the die, 
and, consequently, the lead issues as a continuous tube. 

The accompanying figure illustrates a press for covering electric 
cables with lead in this manner, as carried out by Messrs. Siemens 
Brothers, at their Woolwich works. It consists essentially of a 
receiver in which two rams work, and which contains a mandrel 
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and matrice. The lead is melted in the melting pot at the top by 
gas or petroleum, and is then poured into the receiver below. 

The cable enters at one side of the receiver, and passes through 
the mandrel and leaves at the other, while as soon as the rams 
begin to force their way into the receiver, the lead casing is formed 
round the cable. 

The matrice can be so nicely adjusted by means of steel cones, 
that a lead casing of perfectly uniform thickness of a fraction of a 
millimetre, can be obtained. An excellent feature of this press is, 




Pbess foe Covering Cables with Lead, by Fried. Krupp Grusonwbrk, 

Germany. 

that it possesses two rams which, by distributing the pressure more 
uniformly, ensure a more regular casing than is possible with only 
one as is usually the case. The two rams are connected together 
by an adjusting apparatus so that they will both move forward at 
the same rate. The mandrels and matrices can easily be changed 
to suit cables whose diameters range from ^ in. to 2| ins. 
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Hydraulic Accumulator. — The demand for hydraulic power to 
■work elevators, cranes, swing bridges, dock gates, presses, punching 
and x-iveting machines, (fcc, being of an intermittent nature — at 
one moment requiring a full water supply at the maximum pres- 
sure, and at another a medium quantity, whilst in many cases all 
the machines may be idle — it is evident that if an engine with 
pumps were devoted to supplying this demand in a direct manner, 
the power thereof would have to be equal to the greatest require- 
ments of the plant, and would have to instantly answer any and 
every call from the same. In the case of a low-pressure supply, as 
for lifts, this difficulty is best overcome by placing one tank in an 
elevated position at the top of the hotel or building where the lift 
is required, and another tank below the level of the lowest flat. 
Then a small gas engine working a two or three-throw pump, or a 
Worthington duplex steam pump, may be used to elevate the 
water more or less continuously from the lower to the higher tank. 
The " head " of water in the elevated tank will, if sufficient, work 
the lift at the required speed, and the discharged water from the 
hydraulic cylinder will enter the lower tank, to be again sent 
round on the same cycle of operations. Should the lift be stopped 
for any considerable time, then a float in the upper tank, connected 
by a rope or chain with the shifting fork for the belt-driven pumps 
(in the case of the gas engine) will force the belt over on to the 
loose pulley, or shut off the steam from the Worthington pump. 
And when the water falls in the upper tank, the float will cause a 
reverse movement of the rope and shift the belt to the tight pulley, 
or open the steam valve, and so start the pumps. 

When the pressures required are great, such as for cranes, <fec., 
where 700 lbs. on the square inch is considered a very medium 
pressure, an elevated tank would be out of the question, for it 
would have to be fully 1600 feet high in order to exert this force 
and to overcome friction. Under these circumstances recourse is 
had to a very simple and compact arrangement called an accumu- 
lator, of which we here give a lecture diagram, without any 
details of cocks or valves, and automatic stopping and starting 
gear. A steam engine, or other motor, works a continuous delivery 
pump, of the combined piston and plunger type, without an 
air vessel, as already illustrated in this lecture. The water from 
the pump enters the left-hand branch pipe leading into the 
foot of the accumulator cylinder, and forces up the accumulator 
ram with its crosshead or top T-piece, and the attached weight or 
dead load, until the ram has reached nearly to the end of its stroke. 
Then the top of the T-piece, or a projecting bracket on the side of 
the wrought-iron cylinder containing the dead load, engages with 
and lifts a small weight attached to a chain passing over a pulley 
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fixed to the guide frame or to the wall of the accumulator house. 
This chain is connected directly to the throttle valve of the steam 
supply pipe, or to the belt-shifting gear if the pump is driven 
by belt gearing, and being provided with a counter- weight, 
the motor and pump are automatically stopped by the raising of 
the weight and the chain in the accumulator house. Should the 

water which has been forced 
into the accumulator cylinder 
be now used by a crane or 
other machine, the load on 
the ram causes it to follow up 
and keep a constant pressure 
on the water. The starting 
weight falls as the receding 
T-piece or bracket descends, 
and thus pulls the starting 
chain, and opens the steam 
engine throttle valve, or shifts 
the belt from the loose to the 
fixed pulley, and again sets 
the pump to work. Should 
the hydraulic machines be 
working cootinuously, then 
the pump is kept going, for 
the water from it passes 
directly on to the machines, 
and only the surplus water 
finds its way into the accumu- 
lator cylinder if the pump's 
supply exceeds the demand of 
the machines for water. 

The annular cylinder of 
wrought iron is generallyfiUed 
with scrap iron, iron slag, 
sand, or other inexpensive 
heavy material. The accumu- 
lator cylinder A 0, has a 
stuffing-box and gland at its 
upper end. A coil of hemp woven into a firm rectangular section 
and smeared with white lead is placed in the bottom of the 
stuffing-box. The gland is screwed down on the top of this packing 
until at the normal pressure the water in the cylinder cannot leak 
past it. Cup leather packing is seldom used for this simple form 
of accumulator; just the ordinary packing that would be used for 
pump rods is found to answer all requirements. This is the 




The Hydraulic Accumulator. 

Index to Parts. 
A C for Accumulator cylinder. 



AP 

W 



Accumulator plunger or ram. 

Weight or load contained in an 
annular cylinder of wrought 
iron and suspended from the 
top of X-pisce or crosshead. 
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simplest form of accumulator which we have here described, but 
other forms will be illustrated in the next lecture. 

Example XII. — Describe and sketch in section an hydraulic 
accumulator, showing how the ram is kept tight in the cylinder. 
An hydraulic press, having a ram 16 inches in diameter, is in con- 
nection with an accumulator which has a ram 8 inches in diameter 
and is loaded with 50 tons of ballast ; what is the total pressure 
on the ram of the press? (S. <fe A. Exam., 1892.) 

Answer. — The first part of the question is answered by the 
previous figure and by the text. 

By Pascal's Law the pressure per square inch in the accumulatoi 
is equal to the pressure per square inch in the hydraulic press. 
Consequently : — 

^'oial Pressure on Press Cross Area of Press Ram 



Total Load on Accumulator Gross Area of Accumulator Bain 
50 X 16 X 16 



50 " 4 • U J ~ 82- 



200 tons. 

0X0 

Hydraulic Cranes. — Another very common application of 
hydraulic power is the working of cranes for handling goods at 
wharves, warehouses, or railway dep6ts, and we illustrate a 
simple one for the latter purpose In this crane, the lower 
part of the pillar forms the cylinder for a ram H E., which carries 
a pulley M P, at its upper end and is actuated by the water 
pressure. A chain, fastened at one end to the crane pillar, passes 
over this pulley and then round two fixed ones F P, before going to 
the jib pulley. Hence, when the ram is forced up, the chain will 
be pulled up twice as far. A small slide valve, actuated by the 
handle V H, controls the supply of water to the hydraulic 
cylinder. By means of this valve, the cylinder is put into 
communication with either the pressure or the exhaust pipe, or it 
may be cut off from both. The weight of the ram and load 
attached to the hook H, are utilised to drive out the water on the 
return stroke. 

Hydraulic Wall Crane. — Our next figure shows a crane on the 
same principle fixed to the wall of a warehouse or shed. In this 
case, however, the motion of the ram is magnified eight times by 
placing four pulleys side by side on the end of the large ram which 
here moves downwards. The slewing of this crane is also accom- 
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J for Jib. 
P „ PiUar. 

S ,, Stay. 



TE, 
VH 
FP 
MP 
HC 
HR 



Tension-rod. 
Valve handle. 
Fixed pulleys. 
Moving pulleys. 
Hydraulic cylinder. 
Hydraulic ram. 
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time, the other ram is pulled down hv ni 1 ^''^^ '""^^ 

to bring the crane baclf when reqnir'V " " '^ *° "^^ '"''^'^-^ 

Movable Jigger Hoist.-For mting light loads, say under a ton. 




JfovABT,. .Trn.ER Hoist by W. H. Bait,ev & Co., Ltd., Manchester. 

from a snip's hold, jiggm- hoists are often employed. The lifting 
Cham or rope ,s wound on the large drum, while the ram actuate! 
another chain coiled on a small drum on the same axis. Oonsl 

4 
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quently, the Ipad is lifted very rapidly, as the motion, is magnified 
first by the sheaves on the ends of the ram and cylinder, and then 
by the wheel and axle arrangement. The jigger stands on the 
quay and the lifting chain passes over a pulley hung from one of 
the ship's derricks. The valve gear can be worked, if desired, by 
a rope from the ship's deck. 

Double Power Hydraulic Crane. — A disadvantage of hydraulic 
pressure apparatus is, that, as a rule, the same amount of water is 
used with a light load as with a heavy cue, any surplus energy 
being consumed in fluid friction. To reduce this loss Lord 
Armstrong employed a combined ram and piston as shown in the 
figure on next page. 

With the valves in the position shown, both ends of the cylinder 
are iu communication with the supply pipe, and the ram is moved 
forward by the pressure on the difference between the areas of the 
piston and ram. The water used also corresponds to this differ- 
ence of area because that in the right-hand end of the cylinder is 
forced round to the left, and only the remainder comes from the 
accumulator. Now, if we require to lift a greater load than the 
crane will raise under these conditions, Vj must be closed and V^ 
opened. This allows the water at the front of the piston to escape, 
and we get the full pressure on the back of the piston. To lower 
the load, Vj is closed and V, opened. Then, the water escapes 
from the lett of the piston partly to the exhaust and partly to 
the other end of the cylinder. The relief valve allows a little 
water to escape back to the supply pipe whenever the pressure 
in the valve chamber rises above that of the accumulator, owing 
to the sudden closing of the outlet valve. This gear is designed 
to work horizontally in a chamber sunk into the ground below the 
crane. 

Hydraulic Capstan.- — When a continuous rotary motion is re- 
quired from hydraulic power, the usual method is to put three 
single-acting oscillating cylinders in symmetrical positions round 
the shaft, with all three pistons acting on one crank pin, whUe 
the motion of the cylinder itself uncovers the openings for the 
inflow and exit of the water at the proper time. As an example, 
we illustrate a hydraulic capstan for use on dock quays. In this 
one there are four cylinders with their mid positions 90° apart. 
A plunger in each acts on the crank below the capstan. The 
water enters and leaves by passages in the trunnions on which the 
cylinders swing, and these passages are opened at the right moment 
by the oscillation of the cylinder 
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HvuuAUnc Capstan ly AV. H. Dailey & Co., Ltd., Maxcuesteu 
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Lectore I.— Questions. 

1. One side of a reservoir has a slope of 12 vertical to 5 horizontal; what 
is the whoie amount of the pressure of the water against 50 feet of ita 
length, when the depth of the water is 12 feet ? Ans. 243,750 lbs. 

2. In an empty dock the water is level with the sill at the lowermost 
edge of the dock gate, the level of the water on the 0])posite side of the 
gate being 10 feet above the sill. The dock gate is 10 feet wide, find the 
pressure in pounds on the dock gate. If the water were at a level of 5 feet 
in the dock, the level outside being the same as before, how much would 
the pressure on the gate be relieved ? Ans. .31,2.50 lbs. ; 7,812'5 lbs. 

3. State Archimedes' principle. A cylindrical can is 6 inches in diameter 
and 30 inches deep, and is required, when empty, to stand in a bath of 
water 30 inches deep without being lifted up. To what weight must the 
can be loaded, the weight of a cubic foot of water being 62^ lbs. ? .4 ns. 
30 679 lbs. 

4. A rectangular tank, 4 feet square, is filled with water to a height of 3 
feet. A rectangular block of wood, weighing 125 lbs., and having a sec- 
tional area of 4 square feet, is placed in the tank, and floats with its sides 
vertical and with this section horizontal. How much does the water rise 
in the tank, and what is now the pressure on one vertical side of the tank ? 
Ans. 1 J inches; 1,220 '6 lbs. 

5. The total force in the direction of the motion of a piston is the cross- 
sectional area of the cylinder multiplied by the pressure. Why is this so, 
the piston not having a plane surface ? 

6. An escape valve, loaded partly by a weight and partly by a spring, 
is fitted to a main conveying water under pressure, and is required to open 
automatically when the water pressure rises above a certain amount. 
Sketch and describe the construction of such a valve when arranged on the 
double beat principle, and explain clearly the hydrostatic principle in- 
volved therein. 

7. Prove that when a thin spherical shell is exposed to the bursting 
pressure of gas or liquid the stress in the material is half as great as that 
within the curved surface of a thin cylindrical shell exposed to the like 
pressure, each shell being of the same thickness and diameter. 

8. Sketch a combined plunger and bucket pump with index of parts, ex- 
plaining its use and action, also sketch its application to the lifting of 
water from deep mines. Suppose a pump raises 5,000 gallons every half- 
minute from a depth of 600 feet with 30 per cent, loss in system, what is 
the horse-power required ? Ans. 2,597 H. P. 

9. Describe a force pump for supplying water to the accumulator of 
hydraulic cranes. Sketch a section through the plunger and valves. 

10. Sketch and describe a force pump having a solid plunger, showing 
the construction of the valves. The diameter of the plunger is 24 
inches, and it is driven by a crank 2 inches in length making 30 revolu- 
tions per minute. Find the cubic inches of water pumped in 5 minutes. 
Ans. 2,945 cubic inches. 

11. Describe and illustrate by a longitudinal section, and such other views 
as may be necessary, the construction and action of a double-acting pump 
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and its valves, supposing tlie pump cylinder to bd of 3J, inches internal 
diameter, and to work at a pressure of 700 lbs. per square inch. Of what 
materials would the several parts be constructed ? 

12. A vertical single-acting pump has to elevate water 50 fathoms. The 
bore of the pump is 6 inches ; stroke, B feet ; number of up strokes, 10 per 
minute. Find (a) the pressure per square inch on the pump bucket when 
it is at the bottom of its stroke ; (6) the weight of water discharged per 
minute ; (c) the horse-power of the engine required to drive the pump, 
supposing 30 per cent, of the engine-power to be lost by friction, &c. 
Sketch an arrangement of the kind. Ans. (a) 130'28 lbs. per square inch ; 
(b) 736-31 lbs.; (c) 9-56 H. P. 

13. Give any method with which you are acquainted whereby the valves 
in a pumping engine may be relieved from the shock due to the inertia of 
the water in the mains. 

14. A pump for exhausting air from a receiver has a solid piston and one 
valve in the casing. Describe, with a sketch, the construction of the 
pnmp, and explain the nature of the improved form known as Sprengel's 
pump, where a small portion of mercury forms the piston, and no valve is 
required. 

15. Describe and show, with the aid of necessary sketches, the construc- 
tion of the " Pulsometer." Describe how it works, and indicate the 
contrivances introduced to promote the steady flow of water and to prevent 
sudden shocks upon the apparatus. Is the pulsometer an economical 
arrangement for raising water ? Give reasons for your answer. What, if 
any, are its advantages over the ordinary piston pump ? 

16. Sketch in section the cylinder, ram, and leather collar of an hydraulic 
press. Explain the principle of the press and the manner in which the 
escape of water is prevented. Example — The sectional area of the plunger 
of the force pump is ^\ that of the ram, and the leverage gained by the 
pump handle is 12 to 1, find the pressure on the ram when a force of 60 
lbs. is exerted at the end of the pump handle. Ans. 36,000 lbs. 

17. Describe, with a sectional sketch, a hydraulic press where the ram is 
actuated in both directions. Show the position and forms of the cup 
leathers. 

18. The return stroke in an hydraulic press is often accomplished by form- 
ing the ram like a piston with a very large piston-rod. Sketch in longi- 
tudinal section such a press, showing the arrangement of the leathers. 
What will be the relative speeds of the forward and return strokes of the 
ram when the larger and smaller diameters are 15 inches and 14 inches 
respectively, the pumps for the supply of water running at the same speed 
in both cases ? 

19. In some hydraulic presses a single valve, held down by a lever and 
weight, is used both to indicate and relieve the pressure. Sketch the 
valve in position and explain its action. 

20. Describe clearly and show with sketches the construction and action 
of any one form of portable hydraulic riveting machine with which you 
are acquainted. Show clearly the valves and connections by which the 
pressure is applied to close the rivet, and how the pressure is released and 
the tool withdrawn from the rivet head when the riveting is completed. 
How is the water pressure conveyed to the machine ? 

21. What are the advantages in forging large masses of steel by hydraulic 
pressure over the same operation performed by the steam hammer ? Show 
clearly, with the assistance of the necessary sketches, the method em- 
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ployed in hydraulic forging presses for brniging the ram or pressing surface 
rapidly back from the work after each application of the pressure. (S. &. 
A. Hons. Exam., 1896.) 

22. Sketch a section through an hydraulic lifting jack and hydraulic bear, 
and describe the manner in which the pressure exerted on the handle ia 
transmitted to the ram. 

23. A 4-ton hydraulic lifting jack has a lifting ram of 2 inches in diameter, 
and a pump plunger of 1 inch in diameter. The jack ia -worked by a lever 
hsmdle, the leverage being 16 to 1. What pressure must be applied at the 
end of the handle in order to lift a load of 2.5 cwts., if the efficiency of the 
machine is SO per cent. ? Make a vertical section of the jack, showing the 
valves and the mode of connecting the lever with the pump plunger. How 
can the weight be lowered slowty and regularlv witliout jerks? Aiia. 
54-37 lbs. 

24. Explain, with the aid of a sectional sketch, the action and construc- 
tion of the hydraulic jack. How is the pressure taken off and the load 
slowly lowered ? If the ram is 2 inches in diameter, the pump plunger 
I inch, and the mechanical advantage of the handle 10, what is the total 
mechanical advantage, neglecting friction? (S. & A. Adv. Exam., 1897.) 
An-s. 52-26 : 1. 

25. Make a sketch of a 10-ton hydraodc jib crane in which the Kfting 
cylinder is carried in the pillar or post of the crane. What would be the 
diameter of ram required in the arrangement you adopt, supposing water 
to be supplied to the crane at a pressure of 700 lbs. per square inch, 
neglecting friction, &c. ? Atis. Diameter = 6-37 inches. 

26. What is the object of a relief valve in an h3'draulic crane, and where 
is it placed ? Sketch a longitudinal section through the cylinder and ram 
of a crane working at two powers. Explain the mode of action. 

27. Describe, ^ath sketches, some form of hydraulic lift, and the manner 
in which it is worked. 

28. Describe with sketches a direct-acting SU foot hydraulic lift, to carry 
a load of 1 ton, the ram is 4 inches diameter, and the moving parts are 
balanced by a countarweight and chain. The lift is worked from a tank ol 
water 40 feet above the highest level of the platform and an intensifier 
must be used. (S. & A. Hons. Exam., Part II., ISOS."! 

29. Make a section through the cylinder of an hydraulic crane with two 
powers as applied for raising weights. Give a general description of the 
crane, and explain the mode of working it by referring to your sketch. 

30. Describe the general construction of the lifting apparatus in the 
hydraulic crane, making a sketch of the cylinder and ram. Show the 
method of obtaining two powers from a single cylinder. In what way is 
the pulley principle applied in such cranes ? 

31. In an hydraulic crane -with two powers show (1) the apparatus for 
lifting the weight, (2) the method of slewing or rotating the jib of the 
crane. 

32. Explain the advantage to be derived from making the length of 
stroke of an hydraulic engine adjustable. Describe and give sketches of a 
construction for this purpose. 

33. Prove the formula used for finding the resultajit pressure on a 
sloping plane interface, with any shape of boundary underneath the 
surface of a liquid. Also find the position of the resultant. Apply the 
formula to the case of a rectangle with its highest horizontal side 5 feet 
long at 20 feet below the surface, its other sides being 12 feet long and 
making 30° with the horizontal. (S. and A. H., Part I., 1899. ) 
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34. A rectangle with its highest horizontal Mclf '2 feet long at 10 feet 
below still water level, its other sides being 3 feet long, making 43° with 
the horizontal ; find the amount an 1 position of the resultant pressure 
upon the area. Prove the truth of your formulse, Aii-s. 4,121 lbs. 

(B. of E. H., Parti., 1900.) 

35. The hydraulic company's pipes are to stand a maximum working 
pressure of 1,200 lbs. per square inch; internal diameter 4 inches. Find 
the outside diameter, the working tensile stress in the material Ijeing 
3,200 lbs. per square inch. When this stress is reached inside, what 
is the stress outside? Ans. Outside diameter 5 '93 inches, say 6 inches. 

(B. of E. H., Parti., 1900.) 

36. Describe, with sketches, a hydraulic lift with hydraulic method of 
balancing. (B. of E. H., Part I., 1901.) 

37. Describe, with sketches, any machine with which you are acquainted, 
in which water at great pressure is employed. Point out at what places 
solid friction takes effect. What are the differences in character between 
solid and fluid friction ? If 3 cubic feet of water at 700 lbs. per sq^uare 
inch gauge pressure are employed in a crane to lift a weight of 2 tons 
through a height of 50 feet, what is the eflSciency of the crane ? 

(B. of E. Adv., 1901.) 

38. Describe, with detail sketches, a good form of hydraulic crane, with 
ftrrangements for varying the water consumption "with the load lifted. 

(C. &(;., 1900, H., Sec. C.) 

39. Describe, with sketches, either {a) a hydraulic riveter, or (h) a 
hydraulic boiler flanging press. Obtain an expression for the maximum 
pressure either can exert. Assume your own factors for friction losses. 

(C. &G..- 1900, H., Sec. 0.) 

40. In a hydraulic crane the water pressure employed is 750 lbs. per 
square inch; to lift the full load of 10 tons three cylinders are used, each 
10 inches in diameter, and the load by an arrangement of pulley blockb 
is lifted at six times the speed at which the rams move out of their 
cj'linders. How many foot-pounds of work are done on the rams in lifting 
the 10 tons 30 feet, and how many foot-pounds are wasted ? 

(C. & G., 1901, 0., Sec. A.) 

41. Explain, with careful sketches, the construction and working of 
either (a) a hydraulic jack, or (6) a hydraulic compression or baling press. 
In each case the method of packing the moving parts must be fully 
described. How are the sizes of the rams determined? What data are 
needed? (C. & G., 1901, H., Sec. C. ) 

N.B. — See Appendices B and C for other questions and answers. This 
note refers to all the Lectures. 
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LECTtTRF, I. — A.M.InST.C'. K. I';XABI. QliESTlONS. 

1. Prove that a body of any iociii when iiiiiiieised or floating in a li([uid 
is acted on b^' a lorco equal to the weight of the liquid displaced, aetnig 
vertically upwards through the centre of gravity of tlie displaced volume. 
A bulb weighing 12 oz. is found to weigh S oz. when immersed in water, 
and 7 oz. when immersed in another liquid. What is the specific gravity 
of tho liquid? (I.C.E., Oct., 1807.) 

'-'. Show how to find the resultant thrust due to the pressure of water 
on a rectangular plane surface, two of tlie sides of the rectangle being 
horizontal. A vertical \\all, '2 feet thick and IS feet high, weighing V2i 
lbs. per cubic foot, supports the press\u-e of water on one side. How high 
may the water rise without causing the resultant, force on the base of the 
wall to ]ias3 more than S inches from the middle of the wall's width ? 
(I.C.E., /Vi., 189S.) Auk. G'/ feet. 

3. The centre of a spherical body, ti inches diameter, is 3 feet below the 
surface of water, what is the resultant pressure on the surface of the 
body? (I.C.E., 0<i., 1S9S.) 

4. A dock entrance, M'hose level floor is '24 feet below the water, lias a 
width of 62 feet at the water-level and 50 feet at the floor, the side-walls 
being built with a straight batter. The entrance is closed by a caisson, 
and on one side of the caisson the floor is dry. Calculate the total hori- 
zontal pressure upon the caisson, and the height of its centre of action above 
the floor. (I.C.E., Oct., 1898.) Aim. 1,044^000 lbs.; 8 ft. above the floor. 

5. A rectangular area inclined at 20° to the horizontal is submitted to 
water-pressure. Its side is 11 feet and is horizontal, and is 30 feet below 
the water-level ; its parallel side is 62 feet below the water-level ; what 
is the total pressure on the area counting from atmospheric pres- 
sure ? (I.C.E., Oc^, 1898.) 

6. Describe a bucket -and -plunger pump. What causes limit its 
efliciency? (I.C.E., Feb.. 1899.) 

7. In a common £oim of hydraulic crane the piston is 8 inches in 
diameter ; the speed at which the weight is raised is 8 times that of the 
piston. If the water acting on the piston is at a pressure of 750 lbs. per 
square inch, find what weiglit may be lifted by the chain if the efficiency 
of the mechanism be 55 per cent. What is the chief cause of the low 
etticiencjr? How manj' i;allons of water are used in a lift of 30 feet? 

I.C.E.. Feb., 1899.) Aiis. 2,591-7 lbs.; 818 gallons of water. 

8. A block, in the form of an isosceles wedge, 1 foot high and having a 
base 1 foot square, is immersed in water with its base horizontal and 
uppermost at a depth of 4 feet below the surface. Determine the pressure, 
and the vertical component of the pressure on each face. Hence show 
what must be the weight of the wedge so that it may just float. 

(I.C..E., Feb., 1899.) 

9. If a spherical buoy 6 feet in diameter floats in sea-water with half 
its volume immersed, what is the weight of the buoy ? Find also what 
will be the load draught of a flat-bottomed pontoon of rectangular form, 
whose length is 175 feet and its width 20 feet, when the weight of pontoon 
and load amounts to 400 tons. (I.O.E., Feb., 1899.) 

10. Suppose that the pontoon last mentioned is to be symmetrically 
loaded iu such a manner as to bring the centre of gravity to a height of 
6 feet above the deck ; and determine the question whether the pontoon 
would in that case float upright iu calm water, or whether it would 
capsize. (I.C.E., Feb., 1899.) 
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11. How high may water rise on one side of a vertical wall 9 feet 
Jiigh, 27 inches thick, of material weighing 143 lbs. per cubic foot, 
before the resultant force at the base of the wall passes outside the 
edge? (I.C.E., i'eft., 1899.) 

12. A square sluice-opening, 3 feet by 3 feet, is formed m the vertical 
face of a dam, and the upper edge of the opening is 6 feet below water. 
Calculate the hydrostatic pressure upon the square area, and iind the 
exact position of its centre of action. (I.C.E., Feb., 1899.) Ana. \^ feet 
from the bottom of flap. 

13. A vessel with a square base has three vertical sides and one sloping 
side, so that the shape of the top is a rectangle, with one pair of sides 
equal to those of the base and the other pair half that amount ; the height 
of vessel is equal to the side of base. If it is filled with water, what is the 
amount and distribution of the pressure on the base. If the water freezes 
into a block, how is the distribution of pressure altered. (I.C. E., Oct., 1899.) 

14. Sketch a lift-pump, a double-acting force-pump, and a bucket-and- 
plunger pump, and state eenerallv their relative advantages. 

(I.C.E., Oct., 1899.) 

15. The sides of a circular tank 15 feet in diameter are constructed oiF 
iron plates J inch thick, riveted together. Omitting the effect of the 
joints and the connection with the flat bottom of the tank, find the depth 
to which it may be filled with petroleum weighing 55 lbs. per cubic foot, 
80 that the maximum stress on the metal may not exceed 1,000 lbs. per 
square inch. (I.C.E., Feb., 1900.) 

16. Give the theory of the simple hydraulic press, and state the chief 
causes of loss of mechanical advantage in practice. A hydraulic punch has 
a ram 8 inches diameter ; |-inch holes are being punched, each requiring a 
force of 70,000 lbs. What is the water pressure? This water comes from 
a steam intensifier ; the area on which the steam acts is 300 square inches ; 
the area of the ram is 30 square inches. What is the pressure difference 
of the steam, neglecting friction? {I.C.E., Oct., 1900.) 

17. Describe carefully the action of the air vessel on the delivery side of 
a vertical single-action bucket-pump with three sets of valves, suction, 
bucket, and delivery. Under what circumstances would you consider an 
air vessel on the suction side useful ? Under what circumstances would 
you expect that the suppression of the suction- valves would improve the 
delivery? (1. 0. E., Oc<., 1900.) 

18. Give an expression for the tension of the bucket-rod or piston-rod in 
a common suction pump. The barrel of the pump is 8 inches diameter 
and the stroke of the bucket or piston is 10 inches. Find the work done 
per stroke in foot-pounds when the spout is 16 feet above the surface of 
the water in the well. (I. C. E. , Oci. , 1 900. ) 

19. Explain the limits of action of the common lifting pump and find 
the tension of the bucket rod at any point of the upward stroke when the 
pump is in full working. (I.C.E., Feb., 1901.) 

20. A vertical sluice gate of rectangular form closes a channel which is 
6 feet in width. On one side of the gate the water stands 5 feet above 
the cill, and on the other side only 2 feet above the cill. Find the hori- 
tontal pressure which is exerted upon the gate as a whole and resisted by 
its supports. (I.C.E., Feb.-, 1901.) Ans. 4,687-5 lbs.; 750 lbs.; total 
pressure on gate = 3,937 '5 lbs. 

21. In the case described in the previous question, find the centre of 
action of the whole horizontal pressure. (I.C.E., Feb., 1901.) Atis. 
X = \ 'SO feet from tlie bottom. 
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22. The inner face of a masonry dam is a plane vertical surface 12 feet 
in height. The section of the dam is a right-angled triangle 9 feet wide at 
the base, and the weight of the masonry is 125 lbs. per cubic foot. When 
the reservoir is filled to the upper edge of the dam, find the point at which 
the resultant line of pressure intersects the base. (I.C.E., Feb., 1901.) 
Ans. 5 feet 7^ inches from the vertical face of the dam. 

23. In designing a hydiaulic forging press to exert a maximum pressure 
of 3,000 tons what water pressure would you recommend ; how many 
hydraulic cylinders would you use ; would you cast these in steel or 
iron ; and what thickness would you give them ? (I.C.E., Feb., 1901.) 

24. Write a short essay on the special advantages of hydraulic over 
other kinds of cranes for dock work. (I.C.E., /"efi., 1901.) (Refer hack to 
Lecture X. , Vol. I. , before answering this question. ) 

25. A box in the form of a cube, of internal dimensions 1 foot, has its 
base horizontal and is half filled with water. One vertical side is kept in 
its position by four screws onl}', one at each angular point. Fincl the 
tension in these screws due to the water pressure. (I.C.E., Feb., 1901.) 

26. State what is meant by the centre of pressure of a plane immersed in 
water. A rectangular door 10 feet long and 4 feet broad is placed in the 
side of a tank with its plane vertical, and one of its long edges at the 
surface of the water. It is hinged at this edge. Find the horizontal force 
at the lower edge to keep the door in its vertical position (1 cubic foot of 
water tveighs 624 lbs.). (I.C.E., Oc<., 1901.) 4?(s. 3,3331 lbs. 

27. Show how the gland in a plunger-pump may be packed. Sketch 
suction and delivery valves suitable for such a pump delivering 50,000 
gallons per hour against a head of 300 feet. (I.C.E., Oct., 1901.) 

28. The ram of a hydraulic accumulator is 10 inches diameter, and 
has a stroke of 11 feet. When fully loaded the water -pressure is 
800 lbs. per square inch. If tlie whole energy of the accumulator 
water could be used in three minutes, what horse-power would it exert 1 
(I.C.E., Feb., 1902.) 

29. If the area of a horizontal section of a ship at the water-line is 
15,000 square feet, and the sides vertical where they cut the water, find 
the extra depth the ship will sink when loaded in fresh water with 750 tons 
of cargo. What depth would the ship sink if floating in salt water of 
specific gravity 1 026 when loading? (1 cubic foot of fresh water weighs 
62-5 lbs.) (I.G.E., Feb., 1902.) Ans. x = \ foot 9^ inches in fresh water, 
and 1 foot 9 inches in salt water. 

30. A flap valve is 2 feet square, and stands inclined at 60° to the 
horizontal. Find the force needed to open this valve when the sea- water 
level is 6 feet above the horizontal hinge of the valve. The force to open 
the valve is applied at right angles to an arm 1 6 inches long attached at 
right angles to the upper edge of the valve close to the hinges. 

(I.C.E., Feb., 1902.) 

31. Explain the construction of the common type of hydraulic jack. 

(I.C.E., Feb., 1902.) 

32. Give a rough diagram showing the construction of the ordinary 
form of Worthington pump. (I.C.E., Feb., 1902.) 

33. A rectangular area is immersed in water with one edge in the sur- 
face ; express the resultant fluid pressure upon one side of it, and state 
where this resultant acts. The width of a lock is 12 feet, and that of each 
gate 6 J feet ; if the height of the water be 10 feet inside the lock and 4 
feet outside, find the resultant fluid pressure on each gate, and also the 
pressure (assumed to be acting symmetrically) between the two gates. 

(I.C.E., Oct., 1902.) 
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3-i. Give sketciies and describe the construotion of a hydraulic crane. 
Estimate the volume of the ram necessary, if a weight of 5 tons is to be 
lifted 20 feet, the water-pressure being 700 lbs. per square inch and 
efficiency of machine i. (I.C.E., Oc<., 1902.) Ans. IJ- cubic feet. 

N.B. — See Appendices B and for other qaestions and answers. 
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LECTURE II. 

Contents. — Frietional Resistances and Efficiencies of Machines in General 
— Example I. — Application to the Steam Engine — Efficiency of a 
Reversible Machine — Example II. — MovaVjle Hj'draulic Cranes — 
Movable Electric Crane — Details of Hoisting Brake and Levers for 
Working the 3-Ton Electric Crane — Abstract of Report, Tables and 
Curves on Comparative Trials for Kfficienc}' of 3-Ton Hydraulic and 
Electric Cranes — Relative Cost of Hydraulic and Electric Power — 
Crane Tests — Explanation of Efficienc3' Curves — Electric Cranes for 
Manchester .Ship Canal — Questions. 

Frietional Resistances and Efficiencies of Machines in General. — 
In Lecture VII., Vol. I., we showed how to calculate the work lost 
in friction in the cases of plane and cylindrical surfaces. As these 
are the principal kinds of rubbing surfaces in machinery, we might, 
if we knew the exact pressures between the various surfaces, cal- 
culate the total frietional losses and thus find the efiiciency of the 
machine. But there are other losses of work during its trans- 
mission, such as the bending of I'opes, belts, chains, &c., which it is 
almost impossible to calculate with exactness. Even if we could 
calculate all these various losses, the task would be a most tedious 
and unprofitable one. Hence, in finding the efficiency of any 
machine, we have recourse to direct experiment on the machine 
as a whole, the results of which furnish us with data from which 
we can determine the exact efficiency. In general, however, a 
machine will not have the same efficiency when working under 
different loads, owing to the fact that the frietional and other 
resistances are not proportional to the effoi-ts and loads. To make 
this clearer, suppose we take the case of a steam engine. Here 
the friction between the piston and its cylinder, the piston-rod, 
valve rods, &c., and their stuffing boxes, as well as the friction at 
the journals due to the weights of the flywheel and shaft, are, 
severally, constant in amount, whether the engine be developing 
full power or running light. Hence, in all machines there is a 
certain proportion of the frietional and other resistances constant, 
whatever be the magnitude of the effort and the load. This 
(as just explained in the case of the steam engine) is due to 
forces between the parts of the machine itself, such as the weights 
and inertia of the moving parts, or the resistances offered to the 
bending and stretching of parts, and which have little or no con- 
nection with the effort exerted or the load overcome. From these 
facts we see that the lost work will be proportionally less, and the 
useful work proportionally more the greater the total work 
expended. In other words, tlie efficiency of a machine will, in 
general, be higher the greater the load. This statement, however, 
is not true for hydraulic and other machines where fluid resistances 
occur, or where the speed of the machinery is very great. As will 
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be seen later on, fluid resistances increase very rapidly with the 
speed. In high-speed machinery the effects of the inertia of the 
moving parts introduce other serious losses which must not be 
ignored when calciilating their efficiency. 

The " Principle of Work," when applied to a machine, has 
already been written in the form : — 

Total work expended — Useful work done + Lost ivork. 
Or, Wt = Wu + Wl [see eqn. (I.), Lect. IV.] 

The last term, Wl^ is made up of two distinct parts — one part 
depending on Wt and Wu, and a second part which is constant, 
and, therefore, independent of Wt and Wu. Hence, we may 
put : — 

Wl = /^i Wt + /j,.^ Wu + 0. 

Where /Aj /Aj are numerical coefficients, and //.j Wt, /a^ Wu are the 
frictional resistance due to the effort and load applied; while 
represents an amount of lost work which is constant for the same 
machine 

Wt = Wu + /M, Wt + fj..,Wy + 0. 
Or, (1-/.i)Wt= (l + /A2)Wu+ C (I) 

This is a general equation for the " Principle of Work " as 
applied to machines. In most machines the coefficient, /j,^, which 
depends on the effort, Q, must necessarily be very small, and may 
sometimes be neglected. 

Dividing both sides of the equation (I) by (1 - /Xj) we get : — 

Wt = {^^^Wu+,-^, 
1-/^1 1 - /-^i 



( 



1 + '^A±Jh] Wu + p. 



1 - /-^l , 
Or, Wt = (1 + /) Wu + F (II) 

Where f= (-rr ^ 1 and F = (- ) are new constants de- 

rived from the old ones, as shown. 

For some purposes, it is more convenient to write equation (II) 
in the following forms : — 

Wt = yt Wu + F (Ill) 

Or, Q X = 4 W 2/ + F (IV) 
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Where (as in Lecture IV., Vol. I.) x and y are respectively the 
displacements of the effort Q and the load VV, in a given time. ^ 

Suppose the machine to run light. Then W = 0, and Q„ is 
the effort required to drive the machine. 

I'rom equation (IV), we get : — 

Q„ 33 = F. 

That is, F represents the work done in driving the raachine 
unloaded. 

Dividing both sides of this equation by x, we get : — 

F 

This is the effort required to drive the machine light. 

Substituting the above value for F, in equation (IV), we get : — 

(^x = k W?/ + Qo X. 



X 



Or, Q = A W 

Q = A W I + Qo (V) 

This is a general equation connecting the effort Q and the load 

V . 
W for any machine. Since the velocity ratio, — , is constant 

for the same machine, we might write the last equation in this 
convenient form : — 

Q = K W + Q„ (VI) 

/V 

Where, K = Z; / — , and can be found by experiment for any 

machine. 

Example I. — In an ordinary block and tackle having three 
sheaves in the upper and two in the lower block, it is found 
by experiment that a force of 11 lbs. is required to lift a weight 
of 40 lbs., and a force of 24i- lbs. to lift a weight of 100 lbs. 
Find a general expression for the relation between Q and W in 
this arrangement, and the weight which could be raised by a force 
of 56 lbs. Find, also, the efficiency of the machine in all three 
cases, and the actual mechanical advantage. 

Answer. — The general relation between Q and W must be of 
the form :— 

Q = K W + Q, (1) 



FRICTIONAL RKSISTANCR OF MACHINES. 8S ' 

From the results of the first experiment, we get : — 

11 = 40K + Q„ (3) 

And from the results of the second experiment, we get : — 

24^ = 100 K + Q„ (3) 

(3)-(2) 13| = 60 K, 

K = 27 = ^ 
120 40' 

Substituting this value of K in equation (2), we get : — 
11 = |j X 40 + Q„, 

Qo = 2 lbs. 

Or, the effort required to drive the machine light is 2 lbs. 

Substituting the values of K and Qj in equation (1), we get : — 

Q = ^W+2 (4) 

which is the general formula required. 

To find the weight which could be lifted by an effort of 56 lbs., 
we substitute this value in equation (4), and get ; — 

W = 5i-^ = 240 lbs. 

The efficiency of the machine in any case is found from the 
u.sual formula, viz. : — 

„ . Useful work done W y W -!' 

Efficiency = Xot^i ^^^^-^ expended " Q^ " Q V" 

Since there are five ropes supporting the weight, W, in this 
system of block and tackle, it is clear that ; — 

j^ _ 1 
V " 5" 



1 W 
Efficiency =■ e 77 ■ 
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Then :— 

{\^ ,j.,)Wy = {l+IJ.,)wx + C (2) 

Now subtracting equation (2) from (1), in order to eliminate C, 
we get :— 

(1 - /Xj) Q a; - (1 - IX,,) W 2/ = (1 + ,a,) ^^f y - (\ + ,l^) w x 

( 1 + /y.j) M) a; = 2 W 2/ - (1 - //.j) Q a;. 

Dividing botli sides by (1 + /a^) and W y, we get : — 

wx 2 (^ ~ l-''i\ Q ^ 



Wt/ 1 + /y.j Vl + i^J^^y' 

Useful work done in raising wj 

£/jhciency when reversed = = z ^ — r— — . 

lotal work expended by W 

10 X 

_ 2 _ / I -/^i X Qx 

But = the original efficiency ot the ruachine, or efficiency 
when working in the usual manner. 
.-. Efficiency of Machine ) _ _2 n - /^a 1 



when Reversed | " 1 + /ij Vl+z-'iy'^ n ' 

where ri denotes the original efficiency of the machine. 

It is clear that the machine will not reverse unless the above 
efficiency be greater than — 

2 /I - /7>-,\ 1 

I.e., unless . . ^i - ^i x - > . 

1 + /ij \1 + ,'ij/ ri ^ 

i.e., unless ,-^ - ^ ( -. —] x -■ 

1 + /-ii ^ \1 + /ij/ n 

i.e., unless ?I > A (1 - /Xj). 

Consequently, the machine will not rever.se until the original 
efficiency, ?], be greater than A (1 -/Xj), and, if it be less than this, 
it will not reverse even if the original hauling force, Q, be entirely 
withdrawn. For, if »j = A (1 - /.tj), the efficiency of the machine 
when reversed would vanish (as may be seen by substituting this 
value in equation (VII) ). If >i < J (1 - /i^), the efficiency would 
be negative, which is absurd. 
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We have already stated that in most machines the fraction, /a,j, 
is very small, and may be neglected. Hence we get the important 
statement that 

A machine will not reverse even when the hauling force is 
entirely withdrawn, if the efficiency is less than \ or 50 per cent. 

Example II. — Apply the "Principle of Work" to calculate the 
relation between P and W in the .screw lifting jack, fitted with 
screw and worm-wheel gear. The handle which works the jack 
has a radius of 14 inches, pitch of screw 1 inch, number of teeth 
on worm-wheel 20, and the worm is double threaded; find the 
force which must be applied at the end of the handle in order to 
raise a weight of 4 tons, fi-iction being neglected. If the actual 
force required to raise this weight be 40 lbs., what is the efficiency 
of the apparatus 1 

Answer. — Let L = length of handle, p = pitch of screw, 
N = number of teeth on worm-wheel, n = number of threads on 
worm. 

(1) Suppose the handle to make one complete turn. Then, 
since there are n threads on the worm, and N teeth on the worm- 
wheel, it is clear, that for one turn of the handle, the worm-wheel, 

which forms the nut of the screw, will have made :^ part of a 

complete turn. Hence the weight, W, will have been raised 

through a height — x p. 

By the Principle of Work, we get : — 

P X its displacement = W x its displacement. 

A Px2'3-L = Wxvr=rxp, 

P np 



W 2.ffL]Sr' 

(2) In the example p=l", L=14", m=2, N = 20, W = 4 x 2,240 
lbs. 

P = 4 X 2,240 x ^^ '" ^ lbs., 

2 X ^ X 14 X 20 

„ = 1018 lbs. 
(.3) Efficiency = q- = -77]- = '2545, or 2545 per cent. 
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Movable Hydraulic Cranes. — The following extracts from the 
" General Specification " by Mr. George H. Baxter, Chief 
Mechanical Engineer to the Clyde Navigation Trustees, are 
herewith reproduced along with the accompanying reduced 
drawings, in order to enable the student to form an idea of the 
main requirements fulfilled by these double-power .5 and .3-toa 
hydraulic cranes at the Prince's Dock, Glasgow. The cranes 
were made by A. Chaplin & Co., Mechanical Engineers, Govan, 
and have been constantly in use since 1898. Interesting com- 
parative tests were made in March, 190.3, between one of these 
cranes working with its 3-ton lifting ram, and a 3-ton electrical 
crane, which are described immediately after their specifications. 
These tests afford useful information regarding the two systems 
of power supply : — 

General Description of Cranes. — "Each crane to be mounted on a steel 
travelling carriage, with arch for passage of locomotives, having a rail 
gauge of 14 feet between centres of double rails, which are to be provided 
and laid on qviay and cope of quay wall by the Trustees. .Jib to be capable 
of revolving through at least one and a-quarter turns. The cranes to be 
double-powered, to lift maximum loads of .5 tons and 3 tons. All the lifts 
to be by single chain, and the working pressure to be 750 lbs. per square 
incli. The cranes to have a factor of safety throughout of not less than 
8 to 1, excepting the hoisting chains." 

Carriages. — " The carriages to be supported by four wheels of cast iron, 
buslied with gun-metal f-inoh thick, with wrought-steel weldless tyres 
shrunk on each side of central flange after being turned and bored. Tlie 
axles to be turned steel forgings, secured by strong split cotters. Brackets 
carrying wheels to be so arranged that the wheels can be easily removed. 
Shackles and steadying screws to be provided at eaoli corner. The outer 
side of carriage to be kept at least one foot back from edge of cope, and a 
hand-rail to be run (the whole length of carriage) outside for convenience in 
shitting raooring ropes." 

Itange of Lift. — " Each of the cranes to have a total range of lift of 75 
feet, Ijeing 35 feet above the cope to 40 feet below, and the ctiain to project 
32 feet beyond face of quay wall when the jib is square to it." 

Ji}> and Counter-balance Weight. — "The jib of each crane to have a rake 
of not less than 41 feet, and the jib-head pulley to be 60 feet from level of 
cope of quay wall. .Jib stays to be secured independently of pins on which 
jib-head pulley revolves, so that the latter may be taken down without 
disturbing the stays. A steel bracket on hinged joint, or other means, to 
be provided for locking jib when cranes are not in use. Wrought-iron 
ladder to be fitted to each jib to give access for lubricating jib-head pulley. 
Counter- balance weight to be high enough to clear roof of shed." 

Howies for Driver. — "A house to be provided for the driver on each side 
of upper part of carriage. Handles for working to be conveniently placed, 
and marked for hoisting, lowering, and slewing." 

Platforms, Hand-rails, Ladders, Ouards, d:c. — " Platforms, hand-rails, 
gangways, ladders, footsteps, &c. , to be fitted. Suitable lock-up doors and 
other arrangements to be made to give access to all chains, pulleys, 
bearings, and other parts, for lubrication and repair. Guards for chains 
and rollers or rubbing pieces to be fitted wherever required. Elm 
sheathing, li inches thick, to be laid on inside of jib, and secured thereto 
by bolts and nuts." 
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Chains. — "The hoisting chains to be 1 inch diameter and tested in 
accordance with the standard reriuirements of the Clyde Navigation 
Trustees. Each hoisting chain to liave a swivel hook of special form and 
strength, shown by the drawing. A balance ball to weigh at least 2?,- owts. , 
bolted on in halves a few feet above the hook. Also, a wrought-iron or 
steel clip of ample strength, bolted to standing part of chain, for adjusting 
height of hook." 

Pulleys. —"The standing pulleys to be of the diameter shown in the 
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General View op Movable Hydraulic Crane. 
(Made by A. Chaplin & Co., Govan, for the Clyde Trust.) 

drawings, and to be arranged on either side of ram as in hydraulic cranes 
at Queen's Dock. Suitable guards for chain to be provided. Pins for 
pulleys and carriage wheels to be bored longitudinally, with oil cup in one 
end and oil hole to each pulley and wheel. All pulleys to be bushed with 
gun-metal, and be fitted with two steady pins tapped through boss." 

Valves. — "The working valves for hoisting, lowering, and slewing to b§ 
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Pipes and Cocfcs.—" All pipes exposed to the full working pressure to be 
of strong lap-welded hydraulic tubing of the required thickness, with 
flanges of cast-iron, turned and faced, with recessed joints to standard 
sizes. Drain cocks of gun-metal to be fitted to all hoisting and slewing 
cylinders and all pipes at lowest parts, so as to thoroughly dram them. 
Air cocks to be fitted to all cylinders and pipes as high as practicable." 

Travelling Gear.—" Eflicient hand travelling gear to be provided on each 
crane, so that it may be quickly and easily transported along tlie quay by 
not more than six men. " 

Gas Fittings. — "To prevent damage by frost, each crane to be provided 
with two gas stoves and burners, including wrought-iron pipes, cooks, and 
other fittings, for hoisting and slewing cylinders, pipes, &c. A suitable 
gas stove, with all necessary connections, to be supplied in each crane 
house. Wrought-iron gas piping, with cock and connection for india- 
rubber tubing, to be fitted on each carriage, for supplying stoves, &c." 

Movable Electric Crane. — The following extracts from the 
" General Specification," by George H. Baxter, Chief Mechanical 
Engineer to the Clyde Navigation Tru.stees, are herewith repro- 
duced, along with the accompanying reduced drawings, in order 
to enable the student to form an idea of the main requirements 
fulfilled by the 3-ton movable electric crane, as built and 
erected at Prince's Dock, Glasgow, by Stothert & Pitt, Bath.* 
After the specification there follows the data of the comparative 
tests between this crane and the previously described hydraulic 
one : — 

General De.tcripUon. — "The crane is to be movable, mounted on a high 
portal carriage to run on a line of double rails, 14 feet apart between 
centres, laid along the front of the South Quay, Prince's Dock, Glasgow 
Harbour. The crane is intended to be used for carrying out an extensive 
series of tests for the purpose of comparing the relative eifieiencies of 
electric and hydraulic cranes of similar capacitj' under varying conditions 
and over a prolonged period. Provision is, therefore, to be made for 
applying and fitting up suitable recording instruments for the measurement 
cf electric energy delivered to the hoisting and slewing motors, and of the 
mechanical energy developed bjf the crane." 

General Dimensions. — '' The following are the general dimensions of the 
crane : — 

Maximum working load, ... .3 tons. 

Total range of lift, . . . . . .80 feet. 

Radius of lifting rope, . . . .41 

Projection of rope be3'ond face of qiiaj', . . .32 

Centre of jib-head pulley above cope, . . .60 

Clear lift above cope of quay, . . . .60 

Extreme radius of any revolving part at back of crane, . 9 
Clear height from cope to lowest revolving part of crane, 29 

Speeds. — "The lifting speed with a load of 3 tons to be 150 feet per 
minute, the speed with smaller loads to be correspondingly greater. The 
slewing speed measured at the hoo!v to be 30(3 feet jier minute with 
maximum load." 

* The electric motor, volt and ampere metres for this crane were made 
by Siemens Brothers .St Co., Ltd., of Woolwich and London, 
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Factors of Safety and Stability. — "The carriage, crane framing and jib, 
gearing and wire rope, to have a factor of safety of 10 to 1. Stability to be 
maintained with a load of 6 tons suspended in the crane hook." 

Carriage. — "The carriage is to be constructed with an arch 15 feet high, 
sufficiently wide for the passage of locomotives. To be made of Siemens 
steel plates, angles, and bars. The wheel hase to be 14 feet. The carriage 
to be supported by four strong cast-steel wheels turned to 2 feet 6 inches 
diameter on tread, and having a central flange, 1 inch deep by \^ inch 
wide. The wheel bosses to be bored, faced, and bushed with gun-metal, f 
inch thick. The axles to be turned steel forgings, secured by strong sjilit 
cotters ; oil holes to be drilled through centre witli short bent lubricating 
pipes screwed into inner ends. The Jengtli and diameter of axle bearings 
to be specified or sliown on plan. Brackets carrying wlieels to be of 
approved design, and so arranged that the wheels can be easily removed if 
required. Shackles and steadying screws similar to those on h3'draulic 
cranes to lie provided at each corner. The side of carriage next dock to 
lie kept at least 1 foot back from the edge of the quay, and a hand-rail to 
be run the whole length of carriage outside for convenience in shifting 
mooring ropes. Provision to be made on side of carriage for connecting 
the motors with the main circuit conductors." 

Framing Jib, die. — "The framing of the revolving part of the crane, 
jib, and back stays to be made of steel plates and angles, channels, or tee 
bars carefully fitted and riveted together. The jib sta3's to be steel 
forgings or bars drawn or shaped out of the solid without welds, and to be 
secured by turned pins independently of the pin on which the jib-head 
pulley revolves, so that the latter may be removed without disturbing the 
stays. An 18-inch wrought-iron ladder, with hand-rail on each side, to be 
fitted to jib to give access for lubricating the jib-head pulle5'. The pulley 
to be of cast steel, turned in groove to not less than 24 times the diameter 
of hoisting rope. To be provided with rope, guides, and guards. The pin 
to run in adjustable gun-metal bushes, and the bearings to have fixed 
lubricators of approved pattern. Counterbalance weights to be provided 
in back end of framing to balance the jib and the load." 

Centre Post, Roller Path, and Boilers. — "A strong centre post of forged 
ingot steel, with hole drilled throughout its length for the conductors to 
pass through, to be turned all over and fitted to strong cast-iron bed plate, 
or sockets secured to upper part of carriage by turned and fitted bolts. If 
a roller path is fitted, it is to be a solid ring of Siemens steel accurately 
turned and faced flat, and secured to carriage by turned and fitted bolts. 
The rollers are to be of cast steel, truly turned, bored, and keyed to fit 
strong steel axles, having large bearing surfaces working in gun-metal 
bushes, adjustable by bolts and nuts, and to be easily removable for 
repairs." 

Plating and Rireting. — "All plate edges are to be planed, all butts to 
be accurately fitted, and ends of bars neatly trimmed. Rivet holes in 
framing, jib, &c., are to be drilled in place, and .all holes to be made fair 
without drifting. All rivets to be .snap-headed outside." 

Hoisting Winch. — "To be single-geared, driven by a separate motor. 
The bed-plate to be of cast iron, planed to receive the side cheeks and 
hoisting motor. One of the cheeks to be of box form, planed, bolted 
together in halves, jointed, and made oil tight ; the lower half to form an 
oil-bath for main spur wheel and the pinion on armature shaft. The 
barrel to be of cast iron, 24 times the diameter of the hoisting rope, and to 
be turned with a continuous spiral groove, long enough to take the whole 
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General View of a 3-Ton Movap.le Ele(jtric Crane. 
(Made by Stothert & Pitt, Bath, for the Clyde Trust.) 



Index to Parts of Lifting, Lowering, And Slewing Gear. 
{See Secliort and Plan on opposite page.) 
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Vertical Section and Plan of Cabin and Driving Gear 
For tlie 3-Ton Electric Crane belonging to the Clj'de Trust. 

single rope. The main spur wheel is to be of cast steel, the pinion of 
forged steel, both to have wide teeth of suitalile pitch, accurate form, and 
maeliine cut. The ratio of gearing and diameter of barrel and jib-head 
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Hoisting Brake. — "An automatic brake to be provided. This brake to 
be worked also by a hand or foot lever, and to effectually hold the maxi- 
mum load at any point. It must be so designed, that when the current is 
switched on to the hoisting motor, the brake is automatically released the 
moment hoisting begins. And, in switching off, or in the event of failure 
of current, the brake would be put in gear automatically, and mthout 
shock." (See the pa.ge-^ describing construction and action of this brake at 
the end of this Specif cation.) 

Hoisting Bope. — "To be made of the highest quality of plough steel 
wire, specially flexible and free from twisting. The rope to be provided 
with an overhauling weight in halves, and an eye with solid wrought-iron 
thimble at end, bored to ht the shackle-pin ; also a .3-feet length of ffi-inch 
short-link crane chain, and swivel hook of approved design. The ultimate 
tensile strength of the wire (which is to be tested and approved of before 
the rope is made) is not to exceed 110 tons per square inch." 

Sleieing Gtar. — "To be worked by separate motor, having a vnrought- 
steel worm keyed on end of armature shaft, gearing into a phosphor-bronze 
worm wheel on vertical shaft, with pinion at lower end in gear with the 
slewing wheel, which is to be secured to top of carriage with turned 
and fitted bolts. The worm to have large thrust bearings of gun-metal, 
and to run in an oil-bath with dustproof cover. The vertical shaft to be 
of large diameter to ensure stiffness, and to have collars forged on at 
ends. The bearings are to be of gun-metal, adjustable by means of bolts 
and nuts. All teeth to be of suitable pitch, accurate form, and machine 
cut. A brake worked by foot lever to be provided to control the speed at 
any point." 

Travelling Gear. — "The crane to be provided with efficient travelling gear 
fitted to each carriage wheel, worked Ijy hand, and so connected by means 
of clutches that it may be disengaged to admit of the crane being mov. d 
along the quay by a h3'draulic capstan. JSpur wheels on axles of carriage 
wheels to be 6 inches clear of the ground. " 

Electric Motors. — "Both motors are to be of the drum armature enclosed 
type. They are to be series-wound, and constructed to w^ork on a con- 
tinuous current circuit at an E. M.F. of 2.30 volts, but cayjable of working 
at 2G0 volts if required. The hoisting motor to be 50-brake H.P. , and 
slewing motor 10- brake H.P. Both are to be designed to give ever}" 
facility for examination and repairs. The armatures to be of the strongest 
form of construction, well insulated throughout, with provision for 
thorough ventilation. The rise of temperature in the armature must not 
exceed 60° F. above the surrounding atmosphere. The commutators are 
to be made of pure annealed copper bars, insulated with mica, and to have 
large wearing surfaces, with self-adjusting carbon brushes. The armature 
shafts to Ije of forged steel, working in long bearings lined with white 
metal, bored out perfectly smooth and true, and provided with efficient 
automatic lubricating apparatus of the ring type. Chambers to be formed 
at the ends of each bearing to hold waste oil, with gauge-cocks, drain- 
cocks, and pipes led to an oil reservoir." 

Controlling Svntche-i. — " These are to be of the most improved type, mth 
graduated resistances suitable for cranes. One controlling switcli is to be 
provided for each motor, and of such dimensions as shall prevent undue 
heating when the crane is working continuously for six hours. The smtch 
contacts must be large and carefully constructed, so as to prevent sparking. 
These are to be enclosed in an iron casing, with covers and doors for 
examination and repairs. The controlling switches to be so constructed 
that the motors may be started, regulated, stopped, reversed, or ran at 
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varying speeds, with varying loads in the simplest and most reliable 
manner. The regulating handles are to be conveniently arranged in such 
a position that the driver may see the load during the whole time it is 
suspended in the crane, and the handles should be so connected up, that 
they move in the direction it is desired to move the load." 

iSwitdiboardy Switches, and Cut-outs, d:c. — "A double-pole switch of the 
quick break lever tj'pe and two single-pole cut-outs for the hoisting 
and slevring motors, together with separate switches and cut-outs for 
the electric lighting and heating circuits, to be all arranged on a 
suitable switchboard of slate or marble, framed in channel iron -{^ of an 
inch thick lined with teak. The switches and out-outs to be properly 
enclosed and protected, so as to prevent risk of fire or shock in any way, 
and to be conveniently placed within easy reach of the driver. Sweating 
sockets to be provided, to which the cables and wiring ai'e to be connected. 
The out-out terminals shall be so arranged that the fuses of flat tinfoil may 
be easily and securely fitted by the craneman. The securing nuts are to 
be of bright mild steel, and the fuse break not less than 5 inches. Each 
switch and instrument shall be capable of conveying the maximum current 
continuously, without sensible rise of temperature. The covered flexible 
connections and cables shall be of such area, that the current density shall 
not exceed 800, the gun-metal parts 400, and the eifective contact surfaces 
of switches 200 amperes per square inch." 

Switchboard Instruments. — "A lamp, an ammeter, a voltmeter, and an 
automatic circuit breaker (to prevent danger from overloading) to be 
provided and conveniently arranged on the switchboard, with all necessary 
connections to the main conductors." 

Conductors and Insulation. — "The conductors to be of suitable standard 
sizes, corresponding to the Cable Makers' Association List. The conductors 
are to be connected from the terminals of the motors to the controlling 
switches, from thence to the cut-outs, and therefrom to suitable connec- 
tions passing through the centre post to sockets at the bottom of crane 
carriage, and there provided with plug connections to tire twin cable. 
The conductors in the house to be provided with circular sliding contacts 
and collectors, so as to admit of the crane being slewed in either direc- 
tion to any extent without difficulty. A portable pair of conductors, 
with plugs sweated on ends, to be provided to tit sockets on carriage, and 
also the wall-plugs along the quajf. The twin conductor to be of such a 
length as to extend to a distance of 40 feet on either side of the centre of 
the crane. The insulation resistance to be not less than 3,000 megohms 
per mile for the larger, and 4,000 for the smaller conductors." 

Wall Plugs. — "Wall-plugs to be fitted in the hydraulic supply hydrant- 
boxes, or elsewhere, along the quay, with suitable terminals for connection 
to the electric current supply mains. The boxes to be thoroughly water- 
tight, and every precaution to be taken against damp." 

House. — "A substantially-built timber house to be constructed of 
Bufiicient size to give easy access to all parts of the machinery, and ample 
room for working the crane. A suitable electric radiator, or stove, to be 
provided, and fitted with a graduated resistance switch, to allow of varying 
degrees of heat being obtained. Two 32 candle-power Ediswan glow lamps, 
and two plugs for portable lamps, to be fitted up in house, and a cluster 
of glow lamps half way up the jib." 

Details of Hoisting Brake and Levers for Working tlie 3-Ton 
Electric Crane. — In order to make the construction and action 
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of these details clear to the student, special views have been 
herewith reproduced from drawings kindly supplied by the 
makers. 

Coil Clutch. — In the accompanying figures this has been 
shown by a vertical section, end view, and sectional plan. It 
will be understood, after comparing the index to parts with 
these views, that when the clutch friction disc, C D, is pressed 
forward by the levers, H (shown on the full-page views), it 
pushes the end of the bell crank lever, B 0, so that its inner 
end pulls upon the tail of the coil spring, C S. This action 
causes C S to wind close and grip hard upon the iron 
chilled cylinder, I C. Consequently, we have the lifting drum, 
L D (which is directly connected to the inner end or head of 
the coil spring, S), thereby coupled, through C S, to I C and 
D S, the drum shaft. The other end of this shaft is keyed to 
L W, which gears with the lifting motor pinion, L P, and hence 
with L M, the lifting motor. The load can then be lifted to 
the desired height. 

Braking. — When the clutch friction disc, C D, is disengaged 
from B 0, the latter is brought back to its normal position by 
the releasing spring, Pt S. This relieves C S from contact with 
I C. The lifting drum, L D, with its brake wheel, B W, are 
thus instantly disconnected from the motor. The load is then, 
however, held up in position by the brake-strap due to the driver 
pressing down the treadle or foot lever, F L. The load can 
now be lowered at any desired speed by simply easing the foot 
lever, F L, which acts directly on the brake rod, B B, and brake 
strap of the brake wheel, B W, as shown by the side view on 
the full-page set of figures. It will thus be seen, that the brake 
is normally " off," as in a steam crane. The driver lowers a 
load by pressing his foot more or less on the treadle, thus 
tightening or slackening the brake-strap in precisely the same 
way as he would do with a steam crane. The makers admit, 
that this method of actuating the brake may at first sight 
appear to be not so automatic or ideal a plan, as that of per- 
mitting the weight attached to the brake lever to keep the 
brake-strap tight on its brake wheel ; hmt, they find it to be 
much better in actual practice. It will be observed, that if the 
electric current failed when a load had been raised, and if the 
driver then stood still and did nothing, the load would un- 
doubtedly drop ! However, the current has not been found to 
fail under these circumstances, and the driver has ample time 
to press the treadle and check the load. 

Lifting. — It will be observed that the first part of the motion 
of lever L^ to the left {i.e., from the words " out " to " in "), 
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puts the clutch, C D, into action, and iit thc^ sauie time it brings 
the trausiuitter switch of the lifting controller, L 0, into circuit 
with the lifting motor, L M, The remainder of the movement 
of lever L., in the same direction (i.e., to the loft) speeds up 
the motor, L M, by cutting out resistances in the controller 
of the motor circuit. 

Lowering. — On the other hand, the action of putting on or 
down the treadle foot-brake lever, F L, for the purpose of 
stopping the motor before lowering a load, automatically throws 
bacl^ the clutch, D, and disconnects the motor electrically 
from its controller. The lifting drum, L D, with its attached 
brake wheel, B W, are now free to move qiiite independently of 
the lifting motor and the drum shaft. The load can then be 
lowered at the desired speed by the required pressure on the 
foot lever. 

Action of the Eledro-Maynet. — In the Olydc^ Trust 3-ton 
electric crane, Messrs. Stothert & Pitt have adopted an alterna- 
tive patent arrangement of electro-Diagnet for engaging and 
disengaging the clutch friction disc, C D. When it is used, the 
levero B, 0, D, E, F, and spring box (as shown by the side 
view) are removed. A separate plan of this electro-niagiiet, 
with its levers, G and H, are shown. It will be understood, that 
the current, in passing from the controller, L C, to the lifting 
motor, L M, traverses and energises the coils of this electro- 
maKuet, 
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Abstract of Report, Table and Curves on Comparative Trials 
for Efficiency of the previously-described 3-Ton Hydraulic ana 
Electric Cranes.* — The electric crane was erected on the South 
Quay, Prince's Dock, and started to work on the 24th March, 
1902. It has worked since then with the most satisfactory 
results, and there has been no hitch or trouble of any kind with 
the electrical machinery. From that date up to the 28th 
February, 1903, this crane discharged and loaded minerals and 
general cargo amounting to 43,954 tons, as compared with 
40,833 tons dealt with by the 3-t(in hydraulic crane alongside 
of it, whilst working under precisely similar conditions. Both 
cranes were tested on the 19th and 20tli March, 1903, and the 
results given in tabulated form, indicate that the eificiency of 
the electric is greater than that of the hydraulic crane at full 
load, both in working ore and general cargo. The efficiency of 
the electric crane is also very much greater at the lighter loads, 
while the cost of producing and distributing electric power to 
the cranes is less than that of hydraulic power. The curves o( 
performance of these cranes under tests are shown on diagrams 
1 and 2. By comparing the corresponding curves, C, on these 
two diagrams — which show the cost of power used in discharging 
1,000 tons of general cargo at varying loads — the difference in 
favour of the electric crane may be appreciated. For example, 
in working with loads of 

1 ton 2 tons 2-J tons 3 tons 

the cost of power used by the hydraulic crane in discharging 
1,000 tons of general cargo is 

48/3 25/5 20/6 17/2 

and by the electric crane 

15/11 16/2 16/U 16/6i 

It will be observed, that the costs for the hydraulic crane are 
nearly in inverse proportion to the loads raised, for the reason 
that in this type of crane, the same foot-pounds of water are 
used to lift the empty hook as to lift the maximum load. On 
the other hand, with the electric crane the cost is practically the 
same at all loads. This is due to the valuable feature, that the 
electrical power used, is much more nearly proportional to the 
power required to raise the load, than is the case with hydraulic 
cranes. By raising the electrical pressure at the central power- 
house from 260 volts (its present value) to, say, 500 or 600 volts 

*I am indebted to Mr. George H. Baxter, M.I.E.S., for the liberty 
to make this abstract from his report to the Clyde Trustees. 
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(as contemplated for the new Clydebank Dock), and by working 
upon a greatly increased scale, it is probable that the present 
average cost of 2-558 pence per Unit will be further reduced.* 

Relative Cost of Hydraulic and Electric Power. — Since the 
hydraulic and electric are the only two practicable and available 
systems of power transmission for dock appliances, such as 
cranes, capstans, and coal hoists ; and, since both systems are 
equally reliable and convenient, the choice of one or the other 
depends entirely on which is the more economical, not only in 
regard to the cost of production and distribution, but also as 
regards the cost of utilisation. 

One system may cost considerably less to produce and dis- 
tribute power, but in utilisation the gain in point of economy 
may not be in favour of that system 

There are, indeed, so many factors to be taken into account 
that, for purposes of comparison, and also to determine whether 
it would cost less or more to purchase or produce power, the 
cost of each system should be ascertained at three distinct 
stages, viz. : — (1) The cost of purchase or production. (2) The 
cost of transmission or distribution. (3) The cost of utilisation. 

In order to compare the costs of hydraulic with that of electric 
power, it is necessary to reduce both systems to a common 
standard, and to determine in each case the cost of one liorse- 
poiver Jiour delivered at the appliance where the power is to be 
utilised. This is the most convenient unit to adopt, and is 
applicable alike to both systems. 

In making up the working costs, the capital expenditure and 
working costs have been taken from the annual accounts, and 
embrace all the capital expended, up to the end of 1902, on 
buildings, foundations, culvert, machinery, and plant for each of 
the two systems. 

The outputs of hydraulic power during the periods under 
notice, have been found by keeping strictly accurate records of 
every revolution of the pumping engines. The outputs of 
electric power have been got from carefully kept daily records 
of the hours of lighting, pressure, and current used. 

The conclusions arrived at are, that electric power costs less 
to produce, distribute, and utilise than hydraulic power. 

Crane Tests. — Tests were conducted under favourable condi- 
tions in order to ascertain the following : — 

1. The rapidity of working of both types. 

2. Their efficiencies. 

3. The cost of power used in doing the same amount of work, 

* In a large well-regulated power-house the Cost of Electric Power may 
be as small as Id. per Board of Trade Unit— i.e., Id per 1,000 volt-ampere- 
bours or watt-houis. 



84 LECTURE II. 

viz., to raise 30 feet, slew 100 degrees, and discharge into 
waggons 1,000 tons of cargo and 1,000 tons of ore, when work- 
ing at loads varying from 1 to 3 tons for cargo, and at 2J and 3 
tons for ore. 

Particulars of Hydraulic Crane and its Gauges. — The pressure 
in the hydraulic 7-inch main was maintained at 750 lbs. per 
square inch at the Power-House. The 3-ton hoisting ram was 
used. It is 11 inches diameter, and displaces '66 cubic foot of 
water per foot of travel, or -11 cubic foot per foot of hoist, the 
velocity ratio being 1 to 6. The turning ram is 9 inches 
diameter, travels 15J inches, and uses '57 cubic foot in slewing 
through 100 degrees. The water used was measured by the 
displacement of the rams, and 5 per cent, was allowed for slip 
and leakage. 

Pressure gauges were fitted on the main pressure pipe at the 
hydrant connected to the crane, and to the upper parts of the 
hoisting and slewing cylinders. The pressures as indicated by 
these gauges were noted at each lift. 

Particulars of Electric Crane and its Meters. — The hoisting 
gear is single reduction, and is worked by a 50 H.P. Siemens' 
motor at a pressure of about 240 volts. The pressure at the 
Power-House was maintained at 260 volts, whilst the current 
naturally varied with the load. The turning motor is 10 H.P. 

The electric crane was equipped with Siemens' volt and ampere 
meters, and also with Chamberlain & Hookham's watt meters, 
which were overhauled and found to be accurate before the tests 
were commenced. 

Details of Testing Operations. — In testing for rapidity of 
working, each crane was provided with two tipping buckets, one 
for the load and one for the empty bucket. For convenience, 
the tests were carried out to specific instructions in double 
cycles, by working the cranes as rapidly as possible for two hours, 
under each separate load of 1 ton, 2 tons, 2| tons, and 3 tons, in 
such a way, as to imitate as nearly as possible actual conditions 
of working, without being subjected to the delays so frequently 
experienced in discharging ore or general cargoes.* 

* In calculating the weight of cargo discharged per hour, allowance wa.s 
made for the 9-owt. empty buckets and the 2-cwt. hoisting chain balls, as 
follows ; (9-2) cwts. = '35 ton. Now, this weight was lifted only 
10 feet during the return journey with the empty bucket, and = ('35 s 10) 
ft. -tons of work. But each ton of paying load is lifted 30 feet = 30 ft. -tons 
of work. Hence, for every 30 ft. -tons of general cargo work, there would 
have to be added in this test, 3'5 ft. -tons for the empty bucket minus the 

chain ball. Or, ( -35 x grJ = '116 ton, as shown in the two following tables. 
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Curve Diagrams 1 and 2. — The principal curves to which 
attention may be directed are the speed lines, S, which show 
that both cranes are nearly alike as regards speed at all loads — 
varying from 260 to 165 feet per minute in the case of the 
hydraulic crane, and from 239 to 165 feet jier minute in the 
electric crane, at loads of \ and 3|- tons respectively. 

The efficiency line, E, for the hydraulic crane rises in a 
straight line from 9|- per cent, to 66 per cent, for loads of \ and 
3J tons respectively. The efficiency line, E, of the electric 
crane rises in a full, well-rounded curve, showing at 

\ ton 1 ton 2 tons 2|^ tons 3 tons Z\ tons 
efficiencies of 

31% 49-34% 73-14% 77-1% 75-3% 70% 

The other lines, C, show the cost of power used in raising 
30 feet, slewing 100 degrees, and discharging into waggons 1,000 
tons of cargo. It will be seen, that the cost line for the hydraulic 
crane rises in a steep curve at the light loads, while that for the 
electric crane is a straight line nearly parallel with the abscissse, 
showing how the cost increases in the case of the former when 
working at light loads, while the cost is practically constant at 
any load with the electric crane.* 

* I have added to these two diagrams Eg lines. In the case o£ the 
hydraulic crane this dotted curve, Eq, indicates the percentage efficiency 
as found by the pressure gauges attached directly to the hydraulic cylinder. 
This curve, therefore, represents the ratio of the power got out at the 
crane hook (when lifting loads 30 feet in height), to the power put into the 
cylinder during that time. It clearly shows the eifect of the loss of 
pressure between the hydrant on the main supply pipe and the ram 
cylinder. It also shows by comparison the eificiency of the plant between 
the crane hook and the cylinder ram with that between the same hook 
and the power put into the mains at 750 lbs. per square inch. 

In the ease of the electric crane, the dotted curve, E^, is derived from 
special sets of ten observations for each load, taken on March 20th, 1903. 
The times of simply lifting loads 30 feet were accurately noted, as well as 
the readings on the crane volt and ampere meters dming these respective 
lifts, quite independently of the meters at the power-house. This curve, 
therefore, represents the best net combined electrical and mechanical 
efficiency of the crane, whilst merely lifting different loads. It indicates 
the ratio of the power got out at the crane hook, to the power put into the 
lifting motor, or the crane elBciency 

Note. — Students may refer here to Engineering of June 19 and July 3, 
1903, for reports upon two papers, "Economical Speeds of Cranes," and 
" Hydraulic versus Electric Cranes for Docks," read at the London 
Engineering Conference. 
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TABLE I. — Results of Tests of 3-Ton Hydraulic Crane Worked 
AS IF Discharging General Cargo. 



Loads (W)- 



1 Ton. 



2 Tons. 



2"^ Tons. 



a Tons. 



Duration of trial, hours, 
Pressure in mains, lbs. per 
sq. in., 
Pressure on ram — 
Hoisting, 

Lowering, . ■ ,, 

Slewing to windward, ,, 

,, leeward, ,, 

1. Number of Cycles per 
Hour 

Time of lifting W 30 feet 

(T), . . seconds, 

Speed of hoisting loads 

,cv 30x60,, 

(b)= — — — ft. per mm., 

H.P. taken out of crane 
(L.H.P.) = WxS-^33,000, 

Horse - power, by water 
(WH pi=£i^I^S 
' 33,000x0 ' 

2. Mechanical Effici- 
ency (HoiKling only). 

Cargo discharged per hour 
( allowing for empty 
bucket '35 x -jj- ton), tons. 

Water used per cycle — 
Hoisting 30 feet, cub. ft. , 
Slewing 100°, „ 

Hoisting 10 feet, ,, 
Slewing 100°, ,, 

Slip, 5 per cent., ,, 

Total cubic feet, 

Waterusedperhour,cub.ft. , 

Cargo discharged per hour, 

tons. 

Water used per 1,000 tons 

cargo, . . cub. ft., 

3. Cost of Hydraulic 
Power used in discharg- 
ing 1,000 tons general 
cargo, at 110'4.5 pence 
per 1,000 cubic feet of 
water at 750 lbs. per 
square inch (C), 



2 

730 

240 
140 
500 
350 

56 

7-5 

240 
16-29 
86 -.36 

18-87 

(1-116x56) 
62-5 

3-3 

-57 
1-1 
-57 

■28 



5-82 
,326-5 

62-5 

5,224 



48/ 



750 

400 
300 
500 
350 

54 

8-57 

210 

28-51 
75 -.56 



(2116 
114 



37-73 

54) 



5-82 
314-5 

114 

2,759 



25/5 



7.50 

480 
380 
.500 
350 



9-25 



194-6 



33 



70 



47 14 

;-616x52) 
136 



5-82 
303 

136 

2,228 



20/6 



(3- 



750 

560 
460 
500 
350 

38 

10 

ISO 

.36-65 

64-77 

56-6 

116x38) 
118-5 



5-82 
221 -5 

118-5 

1,869 



17/2 
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TABLE II. — Results of Tests or 3-Ton Electric Craxe Worked 
AS IE Discharging General Cargo. 



LOAPS (W) 


1 Ion. 


2 Tons. 


2} Tons. 


3 I'ons. 


Duration of trial, hours. 


2 


o 


o 


i 


E.M.F. at motor termi- 










ininals, . . volts. 


•240 


•245 


240 


245 


Current when hoisting 










loads, amps. , 


95 


110 


125 


140 


Current when lifting empty 










bucket, . amps., 


50 


60 


60 


60 


Current slewing to wind- 










ward, amps. . 


15 


35 


35 


40 


Current slewing to lee- 










ward, . . amps.. 


15 


15 


15 


15 


1. Npmber of CrcLES per 










HorR, . 


60 


53 


4S 


43 


\Vork done bv hoisting W 










30 feet, . " . foot-lbs.. 


67,'200 


134,400 


16S.000 


201,600 


Time of lifting W 30 feet 










(T\ " . seconds, 


Si 


9-25 


9-S5 


10-6 


Speed of hoisting loads, 










_ 30 \ 60 , 

S = — = — ft. per mm.. 


.-).T .-)..-) 


194-0 


1S2-7 


170 


H.F, taken out of crane 










(L.H.P.) = WxS-^ 33,000. 


15 -OS 


■26-42 


31 


34-62 


Horse - power expended. 










/ -lb 


30-56 


36-12 


40-21 


46 


2. Combined Mechan-ical 










AND Eeectkicae Eftici- 










L H P 










rvrv °l — 100 -^ •— ' '■ • 










ENC^, /, ^^p 


{Hoisting only). 


49-34 


73-14 


77-1 


75-3 


Cargo discharged per hour 










(allo^ring "for empty 


(1-116x60) 


02-116x53) 


(2-616 x4S) 


(3-116x43) 


bueket "So x il ton), 










tons. 


67 


112 


125-5 


134 


Units used per horn- at 










various loads. . 


5 


S-5 


9-5 


10-4 


Units required for 1,000 










tons cargo [U), 


74-6 


75. S 


75^7 


77-6 


3. Cost OF Electric Power 










used m discharging l.OOO 










tons general cargo, at 










'2-55S pence per unit (C). 


15/11 


16/2 


16/U 


16/6* 
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DIAGRAM N? 1, 
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Curves showing performance of 3 Tor) Hydraulic Crane 
at Souhh Quay, Prince's Ooch, under loads of IToa,2Tons,2iTons 
and 3 Tons, f-esf-ed on 13 1^ and 20 1^ March, 1903. 
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Curves showing performance of 3 Ton Electric Crane 
at South Quay, Prince's Dock, under loads oflTon,2Tons^iTons, 
and 3 Tons, tested on ISt^ and 20t^ March, 1903 
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EXPLANATION OF KFFICIENCY CURVES. 



HYDBA0TJC Crane. 

P, Pressure in mains during tests. 

Eaoli division = 40 Iba. per square inch. 

S. Speed of hoisting in feet per minute. 

Each division = 40 feet per minute. 

W. H.P. Horse-power put into crane loy water at 750 lbs. per square inch, 

hoisting only. 
Each division = 4 H.P. 

L.H.P. Horse-power taken out of crane in hoisting only. 

LHP 

E. 7o Mechanical efficiency = ' x 100 (hoistimj only). 

Each division = 4 per cent. 

_ „, ^,„ . Power got out at crane hook , , 

Ec- /„ Efihoiency = -r; -——. ; z r-. , wiien mcrelu 

^ '° '^ Power put into liydraulic ram 

lifting different loads 3i) feet during S|iecial trials. 

Each division = 4 per cent. 

C. Cost of power used in raising .'iO feet, slewing 100°, and dis- 
charging into waggons 1,000 tons of cargo. 
Each division = 4 shillings. 



Electric Grand. 

V. Volts while hoisting at speed (S). 
A. Amperes ,, ,, 

Each division = 40 volt^ and also = 40 amperes. 
S. Speed of hoisting in feet per minute. 

Each division = 40 feet per minute. 

E.H.P. Horse-power delivered to hoisting motor. 
Each division = 4 HP. 

L.H. P. Horse-power taken out of crane in hoisting only. 

LHP 

E. 7o li'i^''*"''^! ^"•i "^®'''^^"'°^' ^^'^^®"'^y ~ p""u p ^ "^'^• 

Each division = 4 per cent (when hoisting only). 

^ „ , „ rr. ■ Power got out at crane hook , , 

Ec. /„ Crane efncicncy = = — ^ . ^ when increly 

*" '° ■" Power put into motor 

lifting different loads 30 feet during special trials. 

Each division = 4 per cent. 

C. Cost of power used in raising 30 feet, slewing 100°, and dis- 
charging into waggons 1,000 tons of cargo. 
Each division = 4 shillings. 

U. Units used per hour at various loads. 
Each division = 4 units. 
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LECTURE 11. 



Electric Cranes for Manchester Ship Canal. — As one more 
instance of the rapid progress which the application of elec- 
tricity to cranes is making, we here sliow two views of those 
recently made and fitted by George Russell & Co., of Mother 
well, for the Manchester Ship Oanal Warehouse Co. There are 
twenty two cranes placed on the roof of tlje warehouse. Of 
these, twelve are portable cranes on the dock side of the ware- 
house for lifting SOcwts, with a radius of 42 feet. The remaining 
ten are fixed cranes on the land side of the warehouse, three of 
which lift 30 cwts., and seven 10 cwts., both having a radius of 
16 feet. 

The electrical motors and controllers were supplied by the 
British Thomson Houston Co., Rugby. The hoisting motors for 




Fixed and Movable Elbctkic Cranes on the Manchester Canai. 

Warehouse. 

(Made by George Russell & Co., Ltd., Motherwell, N.B.) 



the 30-cwt. cranes are rated at 28 H.P. when their armatures 
have a speed of 355 revs, per minute, and are supplied at 500 
volts. They are geared direct to the lifting barrels by single 
reduction machine-cut spur wheels. The barrel of each of 
these cranes is 24:-inche8 diameter, and the lift is effected by & 
single wire rope. The speed of lifting was specified to be 200 feet 
per minute, with a full lift of 75 feet. A strap brake operates 
upon a brake wheel, keyed upon the barrel shaft. Under 
normal conditions the brake bears upon its brake wheel through 
the action ol a lever weight, just as in the pieviously described 
Clyde Trust Electric Crane. But, in this instance, the weight 
is raised by an electro-magnet in aeries with the lifting motor, 
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so that whenever current is switched on to the motor the 
weight is lifted and the brake released. In the event of the 
current failing throngh any cause the pull of the magnet ceases, 
and the weight automatically applies its brake to prevent the 
load from falling. The brake may be also released by a foot 
tread, so that the load may then be lowered without using any 
current.* 

From a final test of one of the portable cranes it was found 
that whilst lifting four bales of cotton at a time, having an 




il '■_:'? >»«i4»»™y^^^^S: ,.^ 



JIovAELB Electric Crane Unloadiho a iSxEAMER at the 
Manchester Canal. 



average weight of 3,136 lbs., through 43i feet, that the time 
was 11-5 seconds (or 227 feet per minute), current 38-5 amperes 
at 510 volts; consequently, the efficiency under these circum- 
stances reached 82 per cent. 

* For a fuller description of the iletails of these cranes students may 
refer to the March and April numbers of the leading British electrical and 
mechanical journals, such as The Tramway and Railway World, April, 
1903, to which paper I am indebted for the two views here reproduced. 
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Lecture II.— Questions. 

1 . Explain why t)ie force necessary to drive a machine does not var_v in 
exact proportion with the load. 

2. With a pair of three sheaved blocks it is found by experiment that 
a weight of 40 lbs. can be raised by a force of 10 lbs., and a weight of 
200 lbs. by a force of 40 lbs. Find the general relation between P and W, 

3 5 

and also the efficiency when raising 100 lbs. Arts. P = T^^ + o ' '^^'^ 

or 78 '4 per cent. 

3. With a screw jack it is found that a force of 47 '5 lbs. must be 
applied at the end of the handle to lift 1'5 tons, and a force of 8.5 lbs. to 
lift 3 tons. Find what force will be required to raise 2 tons. Ans. 60 lbs. 

4. If the length of the handle in the above example be 2 feet and the 
pitch of the screw J inch, find the efficiency in each case. Ans. .35 '3, 39'5, 
and 37 '3 per cent. 

.5. Find the "friction pressure" of a steam engine which requires a mean 
effective pressure of 24 lbs. per square inch to drive it at full load, 20 lbs. 
beincr taken up in overcoming the load. At three-quarters load a mean 
effective pressure of 18'5 lbs. is required, of which 15 lbs. is similarly 
taken up. Ans. 2 lbs. per square inch. 

6. It is found th.it a force of 2 lbs. mupt be applied to the handle of a 
crane in order to wind up the rope when no weight is attached and of 
80 lbs. when lifting a weight of 10 cwts. If the velocity ratio be 20, find 
the efficiency in this last ca.se and also when the force at the handles is 
lessened so as just to allow the weight to descend. Ans. 70 per cent. ; 
57 per cent. 

7. A machine is concealed from sight except that there are two vertical 
ropes ; when one of these is pulled downwards the other rises. If the 
falling of a weight. A, on one, causes a weight, B, on the other to be 
steadily lifted, first when A is lUU lbs. and B is 3,2.50 lbs., second when A 
is 50 lbs. and B is 1,170 lbs., what is the probable value of A when B is 
2,000 lbs.? How would you find the eflnciency of this lifting machine in 
these three cases ? What new measurement must be made ? 

.47is. 69-95 lbs. (B. of E. Adv., 1900.) 

8. A machine is concealed from sight, except that there are two vertical 
ropes ; when one of these is pulled downwards the other rises. If the 
falling of a weight. A, on one, causes a weight, B, on the other to be 
steadily lifted, first when A is 12 lbs. and B is 700 lbs., second when A 
is 7 6 lbs. and B is .300 lbs. What is A likely to be when B is 520 lbs. ? 
If B rises 1 inch when A falls 70 inches: what is the efficiency of this 
lifting machine in each of the three cases? (B. of E. Adv., 1901.) 

9. In a lifting machine an effort of 26'6 lbs. just raises a load of 2,26" 
lbs. , what is the mechanical advantage ? If the efficiency is 0'75.5, what is 
the velocity ratio? It on this same machine an eflfort of 11 'S lbs. raises a 
loadot 580 lbs., what is nowthe efficiency? (B. of E. Adv. &H.,PartI., : 902.) 

10. If the diameter of the 3-ton lifting ram of the hydraulic crane 
described in this lecture is 11 inclies, and its stroke be 5 feet wlien tlie 
cliain hook rises 30 feet, and if the inside diameter of the water service 
pipe from the power-house to the crane dock hydrant opposite this crane 
is 7 inches ; find what length and weight of a column of water in the 
service pipe is used at each complete 5-foot stroke of the lifting ram. 
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11. Referring to the previous question, if a 3-ton load be lifted 30 feet 
high in 10 seconds, and if the lengths of 7-inch service piping between the 
crane hydrants and the power-house accumulator he 500 and 1,000 feet 
respectivelj' for two different cranes, what will be the los.s in pressure in 
lbs. per square inch between the power-house and eacli of these two 
hydrants, when accumulator applies a steady pressure of 750 lbs. per 
square inch at the power-house, and if the coefficient of friction between 
the water and its service pipe (or the "friction factor") is '02 at the 
velocity under these circumstances? Also, calculate (a) the ft. -lbs. of 
work ; (b) the watt-hours of work lost through the friction in the pipe at 
each lift of 3 tons ; (c) the ft. -lbs. per second ; (d) the watts or the lost 
power in the water service pipe during the lift.* 

12. Referring to Table I. of tests and the curves for the 3-ton hydraulic 
crane in this Lecture, how do you account for the differences in the loss 
of the pressures per square inch between the water in the mains and the 
pressures on the ram whilst hoisting different loads? What would be 
the calculated corresponding loss of pressure in each case between the 
power-house and the crane hydrant if the distance of the main supply 
pipe was 1,000 feet long and the times of lifting 1, 2, 2i, and 3 tons 
as stated in Table I. ? 

13. Check by calculations the several values for W.H.R., L.H.P. , 
E. H. P. , E., and C, in the case of the hydraulic and electric cranes 
described' in this Lecture, and draw their curves upon squared paper 
neatly to a scale at least double the size of that given in the text. 

14. Referring to Tables I. and II., &o., in this Lecture, calculate and 
compare the loss of power in ft. -lbs. per second (or in watts) for the 
hydraulic and tlie electric mains whilst lifting 1, 2, 2J, and 3 tons, and 
show clearly which system of distribution of power is more efficient. 
How would you propose to render the distribution of power from the 
power-house to the electric crane more economical ? 

N. B, — See Appendices B and Gj'or other questions and answers. 
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Lecture II.- -A.M. Inst. C.E. Exam. Questions. 

1 . What, is meant by the efficiency of a machine ? How would yqji 
measure the efficiency (1) of a screw-jack, (2) of a steam pump, (3) of a 
turbine? (I.C.E., Oci., 1897.) 

2. An hydraulic company charges 15d. per 1,000 gallons of water at 820 
lbs. per square inch ; what is the cost per H. P. hour? (I. C.E., Oct., 1898.) 

3. The saddle of a lathe weighs 5 cwts. , and it is moved along the lathe 
bed by a rack and pinion arrangement. What force applied at the end of 
a handle 10 inches long will be just capable of moving the saddle, supposing 
the pinion to have twelve teeth of IJ inch pitch, the coefficient of friction 
between the saddle and lathe bed to be 0'13, and if 35 per cent, of the 
work done in w^orking the rack and pinion is expended in overcoming 
friction. (I.C.E., i^efe., 1902.) 

4. An experiment on a windlass to determine the effort required to lift 
different loads, gave the following results : — 



Load (lbs.) 


28 


56 


84 


112 


140 


168 


196 


224 


Effort (lbs. ) 


1-5 2-75 


4 


5-2 


6-4 


7-6 


8-8 


9-9 


11 



The velocity ratio of the machine was 52. Plot the results on squared 
paper, showing the effort curve on a load base, and draw also the friction 
and efficiency curves, finding at least five points in each. Find the effort 
for a load of 210 lbs., and find the mechanical advantage and mechanical 
efficiency of this load. (I.G.E., Feb., 1902.) 

N.B. — Hee Afipeiidices D and Ofur otke)- queslions and ansictrs. 
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LEOTUEE in. 

HYDRAULIC APPLIANCES IN GAS WORKS. 

Contents. — Laiiour-Saving Appliances in Modern Gas Works — Pumpiag 
Engines and Accumulator — Example I. — Differential Accumulator- 
Brown's Steam Accumulator — Small Hydraulic Accumulator Plant — 
Arrol-Foulis' Gas Retort Charging Machine — Foulis' Withdrawing 
Machine for Gas Retorts — Results of Working— Questions. 

Labour-Saving Appliances in Modern Gas Works.* — In no 
industry have the conditions of labour undergone more radical 
and rapid changes than in large modem gasworks. Until 
recently, the coal was emptied by hand from railway waggons or 
from carts at the most convenient position for the retort benches. 
If the lumps of coal were too large, they were broken up by 
manual labour, and the retorts were charged, as well as dis- 
charged, by hand. The surplus coke, beyond what was required 
for the furnaces, was quenched, wheeled into a yard, and there 
screened and tilled into carts or waggons, all by hand labour. 

In modernised works, the coal is usually delivered direct from 
the railway truck into the hopper of the mechanically-driven 
coal breaker. After passing through this machine, it is raised 
by an elevator to a large hopper, which is so fixed that the coal 
can be automatically delivered into the hopper of any of the 
charging machines. The charging of the retorts is then per- 
formed by means of a hydraulic charging machine more evenly 
and otherwise better than by hand. After carbonisation, the 
coke is withdrawn from the retorts by a hydraulic drawing 
machine. These two operations now entail a minimum of labour 
and inconvenience from heat to the attendants. The surplus 

* I am indebted to Mr. Andrew S. Biggart, of Sir William Arrol & Co., 
Ltd., Glasgow, for the drawings from which the three electros of the 
General Arrangement, Charging, and Drawing Machines were made. I am 
also indebted for the information contained in Mr. Biggart's paper which 
he read before the 1895 Glasgow meeting of the Institution of Mechanical 
Engineers, as well as to Mr. Foulis, the General Manager of the Glasgow 
Corporation Gas Trust for showing me the whole of the plant in operatioa. 
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coke, guided in its descent by shoots, falls into a bogie under- 
neath the floor, and is run out to the yard by small locomotives. 
In some instances conveyors, which are placed underneath the 
stage floor, carry the coke to circular revolving screens, whence 
it is delivered into large storage hoppers, railway waggons, or 
bags for small consumers. 

The old methods involved continuous and repeated operations 
performed by hand; while the new are such that no hand labour 
is employed in dealing with the coal from the time it leaves the 
railway truck until it arrives there again in the form of coke. 
Hand labour is thus entirely superseded by mechanical power, to 
the great advantage of both the labourer and the employer. 
The number of men required in the retort house under the new 
system is less than half that required under the old method. 
The saving which this represents, after allowing for maintenance 
of plant and interest on additional capital, will average about 
one shilling per ton. 

Pumping Engines and Accumulator. — The general arrangement 
of this portion of the plant is illustrated by the following side 
elevation and plan. The steam engine and pumps are situated 
either in the main engine room of the gasworks or in a con- 
venient house not far removed from the steam boilers ; while the 
accumulator may be placed in an annex, where there is plenty of 
head room for the guide timbers. From what has already 
been said about the construction and action of the Armstrong 
accumulator in the preceding Lecture, and by carefully compar- 
ing the present figures with the index to parts (which has 
been tabulated in nearly the exact sequence of the operations) 
the student will have no difficulty in understanding the generat- 
ing plant which serves to supply hydraulic power to the charging 
and drawing machines in the retort houses. 

The steam engine drives the rams R of the pumps P direct 
from a back extension of the piston-rods. Prom the pumps the 
water is forced into the accumulator cylinder A at such a 
pressure that, acting on the accumulator ram, it is capable of 
lifting the heavy dead-weight bolted to the upper end. This 
weight is provided with guide arms G A, bearing upon planed 
iron rails fixed to the vertical guide timbers GT. When the 
guide arms have reached a certain height, the one at the right 
hand begins to lift a weight attached to a chain on the 
weighted lever of the throttle valve T V. During the remainder 
of the ascent of the accumulator the automatic starting chain 
AS is slackened until the throttle valve is closed, and the 
engine is stopped before the guide arms reach the cross beam, 
which connects the upper ends of the guide timbers. Should 
4 7 
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the chain stick, or anything fail about this automatic system of 
Stopping the engine, then a second chain, which connects the 
weight at the end of the relief valve R V fco the counterpoise ball 




General Arramoement of Pumpin"o Engines and AcoaMULATOR fob W^>rkino 
Gas Retort Cuarqino and Withdrawino Machines. 







Index to Parts. 




S for 


Steam Pipe. 




VC for 


Valve Che-.t for Pumps 


SV „ 


Stop Valve. 




^ ,, 


Rams. 


TV „ 


Throttle Valve. 




P „ 


Pumps. 


AS „ 


Automatic Start 


ng and 


RV „ 


Relief Va,lve. 




Stopping Apparatus. 


AC ,, 


Accamulp.tor Cylinder. 


SC „ 


Steam CyUnfler. 




fP „ 


Delivery Pipe. 


E „ 


Exhaust Pipe. 




GA „ 


liuide Arms. 


G „ 


Governor. 




GT ,. 


!J-Aide Timbers. 


FW „ 


Flywheel. 




LC „ 


Load Casing. 


SP „ 


Suction Pipe. 




RT „ 


Hoof Tie-Rod*. 
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attached to the chain A S, is tightened up just before the guide 
arms reach the uppermost limit of their travel.* This action 
releases the downward pressure on the relief valve, and permits 
sufficient water to escape to prevent any further elevation of 
the accumulator ram. The governor G now prevents the engine 
from racing. When water is used by any of the hydraulic 
machines it flows to them from the accumulator cylinder through 
the delivery pii)e DP. This allows the accumulator ram and 
weight to sink until the ball attached to A S re-asserts its pull 
on the throttle valve, and, automatically opening it, starts the 
engine. 

It is evident that if a set of engines and pumps were devoted 
to the direct supply of high-pressure water to several machines, 
their output would have to be equal to the greatest require- 
ments of the plant at any instant ; but by the introduction of 
the accumulator and its automatic starting and sto})ping gear 
we have a simple means of ensuring a constant supply of water 
at the desired pressure with a smaller engine. 

An accumulator, therefore, performs several very important 
functions in a most efficient manner: — 

(1) It acts as a reservoir for the storage of energy. 

(2) Tt acts as a regulator of pressure. 

(3) It acts like a flywheel in taking up and giving out power in 
direct sympathy with the immediate wants of supply and demand. 

(4) It acts as an elastic bufier, and prevents the breakage of 
joints, &c. 

{i)) It automatically controls the motive power. 

The efficiency of an accumulator has been proved to be as high 
iw 98 pel cent., only 1 ]>er cent, being lost through friction in 
charging, and 1 per cent, in discharging it, as tested by ] ressure 
gauges on the supply and discharge pipes. Its total store of 
energy is, however, comparatively small, since it is only equal to 
the potential energy of the weight raised. Hence, if W lbs. be the 
total weight raised in the accumulator, and H f(!et the diiference 
of height between its highest and lowest positions, we have: — 

Energy Stored in 1 ^ jj f^.-ibs. = ;r~Z^-- H.P.-hours. t (I) 
Accumulator j 33,000 x 60 

* Another arrangemeut is to pass this second vertical chain through a 
hole in a projecting plate fixed to the right-hand guide arm G A, and then 
attach its upper end to the top cross beam. If the accumulator should rise 
too high, then the plate catches an enlarged portion of the chain and opens 
the relief valves. 

t One horsepower - 33,000 ft. -lbs. of work per minute, hence, 1 horse- 
power hour is 33,000 x GO or 1,980,000 ft. -lbs. 
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Example I. — The accumulators used in connection with the 
hydraulic power supply in Glasgow are 18 inches in diameter, 
and have a free lift of 23 feet. The total load on each is 127 
tons. Find the pressure of the water and the maximum energy 
stored in each accumulator, neglecting friction. 

Answer. — 

W 
Pressure of water = p = r- 



127 X 2,240 



1,120 lbs. per sq. in. 



Energy stored 



■7854 X 18 X If 

WH = 127 X 2,240 x 23. 

6,543,000 ft.-lbs., or 33 H.P.-hours. 





Inddx to Parts. 


IP 


for Inlet Pipe from pump. 


R 


,, Ram of accumulator. 


BL 


,, Brass Liner on lower part of R. 


OP 


,, Central and Cross Pa.ssages for water. 


C 


,, Cylinder. 


A S„ A S„ 


,, Annular Spaces from top and bottom of cylinder. 


Gj, Gj 


,, Glands (top and bottom). 


LC 


,, Leather Cup Packings. 


W 


,, Weights. 


WB 


,, Wooden Blocks. 


B 


„ Bracket (at top). 


EB 


,, End Bearing. 



It will be seen from this example how small the total store of 
energy is, and that accumulators would be quite useless to 
maintain the supply for any length of time. One of the real 
advantages of the accumulator arises from the fact that we may 
use its energy for a very short time at a high rate. For instance, 
although the accumulator in the above example is only capable 
of maintaining 3-3 H.P. for a whole hour, it could exert 19-8 
H.P. for ten minutes, or 198 H.P. for one minute. 

Differential Accumulator, — Although it has only been found 
necessary to employ a water pressure of 400 lbs. per square inch 
in the charging and drawing machines for gas retorts, which we 
will describe later on, and, further, since it is advisable with 
them to have a considerable volume of water in the accumulators 
when many machines have to be worked simultaneously, yet it 
may not be out of place to describe here the differential accumu- 
lator designed by Mr. Tweddell for his smaller kinds of hydraulic 
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tools, since there may be cases in which space and compactness 
ate of considerable importance. FroDi the foregoing elevation 
and enlarged vertical section it will be seen that the ram R 
consists of a vertical tixed shaft secured at the top by a bracket 
B, and at the bottom by a footstep. The lower half of this 
shaft is of larger diameter than its upper half, a brass liner B L 
being shrunk on the former part. Moreover, this lower portion 
of the ram has a central passage C P drilled axially along it, 
with a cross passage just above the upper end of the brass liner. 
Through these passages water is admitted from the inlet pipe 
I P, which is connected directly to the force pumps. This water 
finds its way into an annular space A S^, A S,, which is the 
clearance between the outside of the brass liner and the inner 
bore of the heavy press or cylinder C. Surrounding the outside 
of the cylinder are placed a number of cast-iron or lead weights 
W which fit into each other, and form the dead load along with 
the weight of the cylinder. At the top and the bottom of the 
cylinder there are suitable glands Gj and Gj containing the 
usual leather cup packings L C, When the machine is idle the 
bottom flange of the cylinder rests upon wooden beams W B. 
It will now be readily understood that the effective area of the 
ram is only the difference between the cross areas of the brass 
liner B L and tlie upper part of the ram R, instead of the whole 
area of the ram as in the previous case. Hence, a very great 
pressure may be obtained from a small weight. For example, 
should the annular area representing the difference in size 
between the brass liner and the upper part of the iron ram be 5 
square inches, and the total weight of the cylinder and its 
surrounding cast-iron blocks be 2,000 lbs., then, neglecting the 
friction at the glands, the pressure would be 2,000 -=-5, or 400 
lbs. per square inch. This accumulator will store up an equal 
amount of energy, as in the previous case, if the dead weight 
and height of the lift are the same since their stored energy 
depends directly upon W x H. The volume of water contained 
in the accumulator will, however, be comparatively small, and 
hence it will fall more quickly for a certain amount of water 
used by the hydraulic machines which it drives. As will be 
seen from the left-hand figure, a relief valve R V is worked by 
a chain connecting an outstanding arm on the uppermost weight 
to the end of the lever ; also any desired pressure up to 2,000 
lbs. per square inch, or more, may easily be obtained from this 
accumulator with a comparatively small dead load and space. 

Brown's Steam Accumulator. — Another very simple form of 
accumulator, which has proved very effective both for land pur- 
poses and on board ship, is that designed and made by Mr. A. 
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Betts Brown, of the Liosebank Iron Works, Edinburgh, it 
consists of a steam cylinder SO fitted with a piston P and a 
piston-rod or ram R. Steam is supplied direct to this cylinder 
from the boiler and presses on the piston P in opposition to the 




Brown's Steam Accumulator or Compensated Steam Pump. 
Index to Paiit3. 



S P for Steam Pipe from Boilers. 
SC ,, Steam Cylinder. 

P ,, Piston working in SC. 

R ., Ram attached to P. 



H C for Hydraulic Cylinder. 
EC ,, Engine Cylinders. 
FP ,, Force Pumps. 
E , , Exhaust Pipe. 
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water forced into the hydraulic cylinder HO by the force pumps 
F F, which are worked oy a pair of engines. An exhaust pipe 
E carries away the exhaust steam from the engine cylinders E C 
and the bottom of the large steam accumulator cylinder S C. 




Small Hydbaultc Accumulator Plant. 

Suppose that the piston P is at the bottom of its cylinder, then 
the boiler steam not only fills the portion above the piston but 
passes on to the engine cylinders and therefore works the pumps 
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and forces up the ram and piston to the top of their stroke, when 
the piston gradually closes the steam passage leading to the 
engines until they stop. Should any of the hydraulic machines 
be now put into action the water flows to them from the 
hydraulic cylinder, the ram and piston descend and the engines 
are again set into motion to keep up the demand and again close 
the engine steam pipe. With a steam cylinder of 36 inches 
diameter and a ram of 9^ inches (or, ratio of areas 15 to 1) Mr. 
Brown is able with about 50 lbs. steam pressure per square 
inch to maintain a pressure of 750 lbs. per square inch in the 
hydraulic mains leading to water motors, steering, stopping, and 
starting gear, or, in the case of a gas works, to the charging and 
drawing machines. 

Small Hydraulic Accumulator Plant. — Should the gas works be 
a small one, then a much less expensive accumulator plant may 
be employed, such as that illustrated. This figure is sufficiently 
self-descriptive after what has been said about the larger plant. 








Direct Acting Steam Pump. 

The small pumping engine, or donkey pump, which supplies 
water of the desired pressure to the accumulator is also shown 
in a perspective view. Steam is admitted to the steam 
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cylinder by piston valves, actuated by a connecting-rod ami 
lever, while the double-acting pump is fitted with a solid piston 
plunger and an air vessel. 

Arrol-Foulis Gas Retort Charging Machine. — In replacing hand 
labour for the charging gas retorts by a hydraulic machine 
several important requirements have to be effected; — 

(1) The machine should be easily moved parallel to the retort 
bench at the proper distance therefrom. 

(2) It must be capable of being connected with the hydraulic 
pressure pipe at every position. 

(3) The shoot mouth should be easily raised or lowered to suit 
the highest or lowest retort. 

(4) The shoot mouth should be easily entered into the mouth 
of the retort before filling it with coal. 

(5) Tlie coal hopper should contain at least a sufficient quan- 
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P for Platform (for attendant). 


C D for Coal Drum. 




TG „ Travelling Gear. 


SV „ 


Slide Valve. 




PS „ Pressure Swivel. 


cc „ 


Charging Cylinder. 




LC ,, Lifting Cock. 


s , 


Spear. 




B L C , , Beam Lifting Cylinder. 


SH ,, 


Spear Head. 




BLR „ Beam Lifting Earn. 


DC „ 


Drawing Cylinder. 




SRL „ Shoot Rod Lever. 


SP , 


Swing Plate. 




SR ,, Shoot Rod. 


SPR „ 


Swins Plate Rods. 




SM „ Shoot Mouth. 


HW „ 


Hand Wheel. 




HL ,, Hand Lever. 


B , 


Bell. 




CDC „ Coal Drum Cylinders. 









tity of coal to charge a complete set of retorts without requiring 
to be refilled. 

(6) The exact quantity of coal required for the charge of each 
retort should be easily regulated, and the regulator should be 
capable of dealing with all the sizes of coal in use. 

(7) The charge should be laid evenly and of the desired depth 
from back to front without any special effort on the part of the 
attendant, and without loss of time. 

(8) The platform of the attendant should be placed in the 
most convenient position for actuating all the motions, and at 
the same time protecting him from the heat emanating from the 
retorts. 

(9) The whole machine should reqviire a minimum of attention 
and repair. It should also be able to withstand the rough usage 
of retort house workmen, as well as the hydraulic pressure, 
without undue leakage or giving way in any of its vital parts. 
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Tlieas several requirements have been very ingeniously worked 
out and applied by Sir William Arrol and Mr. William Foulis 
in their patent hydraulic charging machine, shown by the 
accompanying figure, as follows : — 

(1) The whole machine with its load of coal is supported on a 
pair of rails, placed parallel to the retort bench, and moved by 
travelling gear T G. In the illustration ordinary hand gear is 
shown, but in the latest machines a hydraulic motor of special 
design has been applied with excellent results. 

(2) A pipe is fixed the whole length of the retort bench at a 
convenient height and distance therefrom, and it is always kept 
charged with water from the accumulator at the full working 
pressure of 400 lbs. to the square inch. At suitable distances 
along this pipe there are attached ordinary armoured flexible 
hose pipes, which may be connected to the pressure swivel P S. 
From this swivel copper pipes lead to the lifting cock L C and 
slide valve S V. 

(3) The beam carrying the shoot mouth, shoot rod S R, spear 
S, charging cylinder C, and drawing cylinder D 0, is raised 
and lowered by turning the lifting cock L to the right or left, 
and thereby admitting water to the beam lifting cylinder B L 0. 

(4) When the shoot mouth S M is fairly opposite one of the 
retort mouths it is pushed forward by the shoot-rod lever SRL, 
and the hand lever H L is turned to admit water to the slide 
valve S "V and work the charging cylinder C, so as to push 
the spear S and spear head SH into the retort, having a quantity 
of coal in front. 

(5) The coal hoppers are made to contain from 2 to 5 tons. 

(6) The feeding gear consists of an open coal drum D, which 
is divided into segmental compartments, each of which can con- 
tain a certain quantity of coal. It is turned through one or two 
divisions at regular intervals by a hydraulic ram with rack and 
ratchet gear, so as to permit the desired quantity of coal to fall 
into the shoot. A plate, which acts as a flap valve, is so fixed 
in front of the drum by a lever and weight, that it presses 
against the face of the drum, and prevents the small coal from 
falling down past the face of the drum. 

(7) The coal falls from the hopper in front of the pusher 
plate or spear head S H, and is delivered into the retort by a 
series of six or seven successive strokes, each stroke being shorter 
than the previous one. This is accomplished by means of a shaft 
carrying a set of stops placed on the beam alongside the spear S. 
This shaft is automatically turned a certain amount during each 
return stroke, so as to bring the stops into position in rotation. 
The forward and return strokes of the spear are caused by two 
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hydraulic rams working in the cylinders C and D C, which 
are regulated by the hand lever H L. This lever also serves to 
lower the spear head when entering the retort for pushing in the 
coal, and to raise it clear from the bottom of the retort during 
the return stroke. It also causes the revolution of the stopper 
shaft. The inclined form of the spear head and these successive 
strokes ensure the charge being evenly distributed along the 
retort, and the depth is regulated by putting in more or less 
coal at each stroke, as previously explained. 

(8) The platform P is placed at the back of the machine, so 
that the attendant has the levers within easy reach, and he is 
placed as far as possible from the heat of the retorts. 

(9) Great attention has been given to the several details of 
the machine, so as to render it as durable as possible. The 
reason for adopting this comparatively low pressure is, that the 
power required for the different motions is so small that if a 
higher pressure were employed the rams would be inconveniently 
small. In fact, with 400 lbs. pressure it had been found in some 
instances that rams of only 1^ inch diameter gave ample power. 

Foulis' Withdrawing Machine for Gas Retorts. — After the coal 
has been carbonised and converted into coke, it has to be 
withdrawn from the retorts before putting in a new charge. This 
is done by a machine which is similar to that used for charging, 
and travels along the same rails. The withdrawing machine 
consists of a frame supported on a truck and carrying a rake for 
pulling out the coke. The head of this rake can swing back- 
wards into a horizontal position so as to clear the coke when 
being moved inwards, but goes back to the vertical and dips 
into the coke on its return stroke. 

The beam B carrying the rake can be raised or lowered, and 
the rake moved out and in, in the same manner as the corre- 
sponding parts of the charging machine. As, however, the 
withdrawing machine is comparatively light, it is found quite 
sufficient to use hand travelling gear T G to make it move along 
the rails. 

The exhaust water is led to a tank E T, from which it flows 
to a spray pipe S P and plays on the rake head to keep it cool and 
help to quench the coke. 

Results of Working. — Mr. ±(iggari says that the number of 
retorts charged or drawn per hour by these machines varies to a 
considerable extent in actual work. In some cases, owing to 
special circumstances, not more than twenty-four per hour are 
available for each machine ; while in other more favourable 
instances as many as forty-eight per hour are allotted to each, 
and even with this larger number a reasonable time remains for 
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rest for the attendants at the end of each hour. The labour ot 
charging the retorts and withdrawing the coke is much lightened 




. ,.0S>4.sv 



by these mechanical means, and the number of retorts charged 
and drawn for each man employed is largely increased. It 
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might at first be imagined that coal placed in retorts in only six 
to eight large charges by the machine would not be so evenly 
laid as a much larger number of smaller charges put in by hand. 
The machine, however, lays the coal by far the most evenly, 
owing partly to the shape of the pusher head, which is bevelled 
so as to allow the small ridge of coal raised in pushing forwards 
to fall back when its support is removed on the witlidrawal of 
the pusher head. Another advantage possessed by machine 
work over hand labour is that the charging is done more quickly, 
and thus there is a diminished loss of gas before the retort doors 
are closed. 

Apart from any other consideration, the mechanical charger 
could not fail to prove beneficial in view of the greatly improved 
conditons under which it enables work of a most trying nature 
to be carried on. The old method of hand charging was a severe 
ordeal for the stokers, requiring great exertion to get through 





Index to Parts. 


TG for 


Travelling Gear. 


P H for Pressure Hose. 


PS 


Pressure Swivel. 


PC,, Pushing Cylinder, 


LCC „ 


Lifting Cylinder Cock. 


PR „ Pushing Ram. 


B 


Beam. 


R S ,, Rake Spear. 


BLC „ 


,, Lifting Cylinder. 


RH „ ,, Head, 


BLR ,, 


,, ,, Ram. 


EC ,, Exhaust Cock. 


LR „ 


Lifting Rope. 


EH „ „ Hose. 


BR „ 


Balancing Ropes. 


ET „ „ Tank. 


CR „ 


Ctieck Rope. 


S P ,, ,, Spray Pipes. 


HL „ 


Hand Lever. 


DC ,, Drawing Cylinder. 


sv „ 


Slide Valve. 


P ,, Platform {for Attendant). 



the work in the shortest time possible, while exposed throughout 
to a high heat. Such adverse conditions are now entirely done 
away with where mechanical stoking obtains. The single lever 
by which the whole of the operations are controlled is worked 
from such a position that the attendant is quite removed from 
the discomfort of close proximity to a high heat, while at the 
same time the former severe bodily exertion is replaced by light 
and easy work. P>en greater in provements in the conditions 
of labour arise from the introduction of the drawer, which 
accomplishes, under all the better conditions attending the use 
of the charger, work of a still more trying nature. The with- 
drawing of the hot coke from the retorts was work for which 
even the stokers themselves, accustomed as they were to it, 
admitted that mechanical appliances were required. Here 
again all is worked by a single lever, in such a position as to 
remove the attendant from the former discomforts of withdraw- 
ing the coke at a white heat at the mouth of the open retort. 
4 ^ 
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Lecture III. — Qxtestion'S. 

1. Sketch and describe the general arrangement of pumping engines and 
accumulator as used for supplying hydraulic power to the mechanical 
stoking appliances in a gas works. 

2. Make a -rertical section of an accumulator, and explain the manner in 
which this apparatus enables us to store up and give out energy. If the 
ram of the accumulator be 17 inches in diameter, what should be the load 
in order to obtain a water pressure of 700 lbs. on the square inch? Ans. 
70-9 ton.5. 

3. Sketch and describe some arrangement of an hydraulic accumulator 
by which a pressure of 10 tons to the square inch can be obtained for test- 
ing purposes, wdth pumps working at a pressure not exceeding 3 tons to the 
square inch. 

4. Describe, without going into detail, the engines, pumps, accumoUtor, 
and one or two of the apphanoes likely to be used by customers of an 
hydraulic company. 

3. If you desire to obtain great pressure with a small dead load, what 
form of accumulator would you employ ? Give a vertical section and a 
description of the construction and action of the accumulator you have 
selected. Why is it inadvisable to use one with a very small ram ? 

6. If you desire to obtain a pressure of 1,200 lbs. per square inch, and 
you are limited to a dead weight of 1 ton, what effective area would you 
require, and what would be the diameter of the larger part of the ram if 
the smaller be 6 inches in diameter, in the case of a differential accumu- 
lator having a total efficiency of 90 per cent. ? What would be the diameter 
of the ram if you used a solid one ? 

7. Sketch and describe Brown's Steam Accumulator. Mention any 
advantages and disadvantages which you consider it possesses with respect 
to other forms of accumulator. 

5. Suppose the effective steam pressure in the steam cylinder of a 
Brown's Accumulator to be 60 lbs. on the square inch, and that you require 
a water pressure of 1,000 lbs. per square inch, with a ram of 20 square 
Inches in cross section, what will be the diameters of the ram and steam 
piston if 2 per cent, be lost in friction ? 

9. Sketch the construction and describe the action of the Arrol-Foulis 
hydraulic apparatus for charging gas retorts. Mention the several advan- 
tages of employing this machine as against hand labour. 

10. Sketch the construction and describe the action of the Foulis 
hydraulic apparatus for withdrawing the coke from gas retorts. Mention 
the several advantages of employing this machine as against hand labour. 

11. What is the use of an intensifier or intensifying accumulator in the 
working of hydraulic machinery? Sketch such an apparatus, and explain 
fully its principle and construction : give also one example of the application 
of the intensifier to hydraulic machinery. 

12. A differential accumulator, loaded to l,i00 lbs. per square inch, has a 
.5-inch spindle and a J-inch bush, and supplies a riveter ram of 9 inches 
diameter through .30 feet of 1-inch piping. Find the ''equivalent mass" 
at the riveter ram on the assumption that no water is pumped into the 
accumulator during the working stroke of the riveter ram. 

(C. &G., 1902, H., Sec. C.) 

13. Sketch an automatic governor suitable for use on a main pumping 
engine which, by operating on the steam valve, reduces the speed of the 
pump when the pressure in the delivery pipe exceeds a certain amount. 

(C. 4G., 1902, H., Sec. C.) 
N.B. — >>e Appendices B and C for other questiona and answers. 
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Lbctuke III. — A.M.INST.C.E. Exam. QnEi?TtoNS. 

1. Give a short account of the arrangements for distrilrating power b_y 
pressure water. Sketch an accumulator. Find the energy stored in fooc- 
pounda per cubic foot of water, in an accumulator loaded to 700 lbs per 
square inch. (I.C.E., Feb., 1898.) 

2. Sketch, dimension, and describe a proper packing gland for an 
accumulator 12 inches in diameter and 4,000 lbs. per square inch water 
pressure. (I.C.E., Feb., 1901.) 

3. What amount of energy is stored in p lbs. of water at q lbs. per 
square inch pressure? A diflferential hydraulic press has two stuffing 
boxes in line and a vertical rod passes through both, the diameters of 
the pistons at its lower and upper ends being 5 inches and 8 inches 
respectively. What load does the press take when supplied with water 
at a pressure of 1,400 lbs. per square inch? What store of energy can it 
take in, in foot-pounds, if it can rise through 10 feet, and how many 
gallons of water are required for the operation? (1 gallon of water = 
10 lbs.) (I.C.E., i?e6., 1901.) 

4. Sketch any form of direct-acting compensated steam pump, ex- 
plaining the action of the compensator by reference to combined diagrams. 
(I.C.E., Oct., 1902.) (See Brown's Steam Arcumulator). 

N.B. — See .ippendices B and C for oilier questions and answers. 
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LECTURE TV. 

FYDROKINETICS. 

CoNOTiNTS. — Enercjy of Flowinor Water — Bemouilli's Theoiem — Jet Pumps. 
Injectors and Ejectors— Hydraulic Ram— Example I. —Velocity of 
Efflux and Flow of Water from a Tank— Measurement of a Flowing 
Stream — Rectangular Gauge Notch — Thomson's Triangular Notch — 
Measurement of Head — Measurement of Large Streams — Horse-Power 
of a Stream — Vortex Motion— Free Vortex — Forced Vortex — Pressure 
due to Centrifugal Force — Reaction of a Jet — Reduction of Pressure 
Round an Orifice — Impact — Loss of Energy— Resistance of a Pipe — 
Hydraulic Mean Depth — Loss of Head due to Friction in Water Pipes 
— Examples II. and III. —Notes on Measurement of Streams, &c. — 
Questions. 

Energy of Flowing Water — Bernouilli's Theorem. — When a liquid 
is flowing in a pipe or channel, it possesses kinetic energy in virtue 
of its motion in addition to the potential energy due to its posi- 
tion and pressure ; and the total energy is the sura of these three. 

Let V = Velocity of the liquid. 
,, /tj = Length of its pressure column. 
„ A,, = Height above the datum level. 
,, H = Height of the free surface of the still water above the 

datum level. 
,, m = Mass of the portion of the liquid under cousideration. 
„ g = Acceleration due to gravity. 
,, / = Frictional loss of head. 
Then, 

The energy of pressure = m g h^ 
,, of position = m g h.^ 

And, ,, of motion = hmv-. 

Hence, The total energy = mg (h^ + //, + oA- i^) 

Or, Energy per unit mass = g (h^ + h^ + ^\ . (I^) 

It follows from the principle of the Conservation of Energy 
that so long as no work is spent on friction, this total remains 
constant whilst the water flows along the pipe or channel. There- 
fore, for a frictionless liquid in which there are no eddies : — 

, 7'- 

"i + "2 + o = ^ constant = H. ... (II) 



2^ 
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If, fi = Pressure per unit area at auy point in the liquid, 

And, w = Weight of unit volume of the liquid, 

P ■ 
to' 



Then, /(^ 



a constant = H. 



Hence, ^ *-/?,+ „ 

W ^ 2 g 

This equation is known as Bernouilli's 'theorem. 

Gauge Tubes 

Free SurFaco ff^^ , — , 

1' 



(III) 




O A TjU M 



Pressures in a Frictioni.ess Pjpe. 

If a certain amount of energy mc/f be absorbed by friction 
between some vertical datum section such as A and the section 
under consideration which may be at B or C. 

Then, .'r + ''2 + oT. + / = * constant = H. 



- + //, + s— 
W ^ 2g 

Let a = The cross area of the pipe at any section 

„ Q = 



(IV) 



Then, 



velocity of the water at the same section. 

quantity or volume of water passing every section 
in unit time. This volume is constant for all 
sections during a steady flow of the liquid. 

Q 

a 



Q ; or, V 



(V) 



This shows, that the velocity is great when the cross section 
of the pipe is small, and vice versd. 

In the figure, we have shown small vertical gauge tubes placed 
at intervals A, B, C, ic, along the pipe, in order to indicate the 
])re8sure of water at these points by the height to which it rises in 
them. It will be observed that where the pipe is level or nearly 
so, the pressure is greatest where its cross section is largest and 
consequently the velocity is least. This follows directly from 
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£xnAUbT Steam Ejector. 



Beinouilli's theo 
rem, aince the 
heiglit Ao above the 
datura level is 
practically con- 
stant. 

Jet Pumps, In- 
jectors, and Ejec- 
tors. — From the 
|iievious illustra- 
tion and explana- 
tion of the altera- 
tion in the pressure 
of water as it flows 
through a pipe of 
varying size, it will 
be readily under- 
stood that if a 
stream of water be 
rapidly forced 
through a tapered 
passage, its pres- 
sure may be so 
lowered below the 
surrounding atmo- 
sphere, that it can 
draw in more water 
from another 
sourcecunnected to 
the smaller end of 
the taper. If the 
whole of the water 
be then conducted 
along a gradually 
enlarged passage, 
its pressure will 
increase and the 
outflow can take 
place at a higher 
level than the in- 
take of the induced 
stream, but lower 
than the free sur- 
face of the driving 
water. The late 
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Prof. James Thomson, of Glasgow University, designed his jet 
pump upon this principle, and Prof. Bunsen used a jet of water 
to produce a vacuum in his air pump. Steam jets, compressed 
air, and water under pressure, have frequently been used to create 
a blast of air, to feed petroleum into furnaces, to produce a sand 
blast for engraving or cleaning purposes, and to transfer granular 
materials from one position to another. 

Injectors for feeding steam boilers with water also work upon 
this principle ; but since they are greatly assisted by the condensa- 
tion of the steam as it comes into intimate contact with the 
suction water, the latter can be forced into the same boiler or 
another vessel having the same pressure as, or even a higher pres- 
sure than, that which supplies the injector with steam.* Exhaust 
steam ejectors also depend upon the above action, and are some- 
times used to replace both the ordinary jet condenser and air 
pump in connection with condensing engines. As will be seen 
from the accompanying figure, when the regulating stop valve is 
screwed upwards by turning the hand-wheel, the exhaust steam 
from the engine cylinder enters by the right-hand upper pipe and 
mixes with cold water coming through the left-hand one, thereby 
becoming condensed and producing the desired vacuum. The 
combined condensed steam and condensing water then flow from 
the delivery pipe into the hot well, whilst any throttled discharge, 
or some of the live steam that may have been used for blowing 
through and starting the ejector, can escape into the same place by 
the overflow pipe. As we shall prove further on, apparatus of 
this kind cannot have a very high efliciency since the mixing up 
of quick and slow moving streams results 
in a considerable loss of mechanical U 

energy. Is 

Hydraulic Ram. — This apparatus was 
invented about 100 years ago by a 
Frenchman named Montgolfier. It is 
one of the simplest, most durable, and 
efficient machines for raising water to 
a greater height than the source of 
supply. The energy stored up in water 
descending from a comparatively low 
elevation is utilised to raise part of the 
same water to a much higher level, of 
from three to thirty times the vertical 
height of the original fall. The prin- 
ciple upon which the apparatus works will be understood from 

* For a description of Giffard's and other steam injeotora see the author's 
Text-Book on Steam and Steam Engines. 
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Principle of the 
Hydraulic P^am. 
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a consideration of the foregoincf figure. If the valve V be 
held down firmly on its seat, and the left-hand vessel be filled 
with water to a certain height, it will rise to the same level in 
the right-hand open pipe. If the valve be now released for a 
short time, water will fiow under the action of gravity along 
the horizontal passage and escape at the open valve with a 
velocity proportional to the square root of the " head " or 

vertical height of the 
free surface above the 
valve. On suddenly 
closing the valve, the 
kinetic energy of the 
moving water will be 
partly spent in raising 
the right-hand column 
to a greater height than 
the free surface of the 
water in the left-hand 
vessel. ISTow, if we in- 
troduce a check valve at 
the foot of the long 
column, so as to prevent 
this water from falling 
down again, and an air 
vessel to act as a 
cushion, we can repeat 
the operation contin- 
ually, so as to produce a 
flow of water up the 
pipe. 

The machine, as made 
and supplied by the 
Glen field Company of 
Kilmarnock, is illus- 
trated by a vertical 
section and plan in 
the accompanying 




Hydraulic Ram, ey the Glenfield 
CoiiPANT, Kilmarnock. 



figure. Water flows from a cistern, tank, pond, or dam, through 
a cast- or wrought>iron pipe, technically called the drive pipe 
D P, to a hollow casting containing two valves. The first of 
these is named the escape or dash valve D V, which opens 
downwards, and the other the check valve C V, which opens 
upwards. Over the latter is fixed an air vessel A V, having 
a manhole door M H to the left and a delivery pipe, which 
is technically termed a rising pipe R P, to the right. If the 
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apparatus and all the pipes are duly connected to the supply 
and delivery tanks, and the dash valve D V be held up, until 
the water from the source of supply has filled not only the drive 
pipe D P, but also risen through the check valve C V and rising 
pipe R P to nearly the same level as the free surface in the 
supply tank, the whole will remain motionless or in a static 
condition. If we now depress the dash valve D V, and 
then let it go, the machine will immediately begin to work, 
and continue to work automatically without any attention or 
even oiling for years, until stopped by some accident or by the 
wearing out of one or both of the valves. Of course, the supply 
of water must be maintained, so that the drive pipe is always 
kept full. This pipe should not be throttled in any part, and 
the weight* on the dash valve must be so carefully adjusted, 
that it will just overcome the internal pressure — i.e., drop from 
its seat — and permit water to escape thereat. Then, the ac- 
celeration produced by gravity on the water coming down the 
drive pipe very soon produces a greater pressure on the dash 
valve than that due to the mere static pressure. This increased 
force suddenly raises it again to its seat, when the kinetic 
energy which has been imparted to the water lifts the check 
valve and forces some water into the air vessel. Whenever this 
kinetic energy has been spent,* the compressed air in the air 
vessel, together with the weight of the check valve, causes it to 
close, and immediately thereafter the dash valve automatically 
opens. The same cycle of operations takes place over and over 
again, the air in the air vessel gets more and more compressed, 
and water rises higher and higher in the rising or delivery pipe, 
until it issues as a continuous stream from its mouth into the 
cistern or receiving tank. From this tank it may be drawn off 
at pleasure for all the various uses of a mansion-house or farm 
steading, &c. 

The air vessel plays two important parts in each cycle of the 
operations of this interesting and useful apparatus. (1) The air 
contained therein acts as a cushion by minimising the water 
hammer action, which would otherwise stress the various parts, 
and tend to break the joints. (2) The air acts as a store of 
energy by taking up, during its compression, a part of the 
kinetic energy of the water, and then giving out the same 
gently, thus producing a constant flow of water through the 
delivery pipe. If the vertical height of the column of water in 
the rising pipe be about 34 feet above the check valve, the 
pressure per square inch on the upper surface of this valve will 
be one atmosphere, or, say, 15 lbs. on the square inch, and the 
air in the air vessel will be compressed to nearly that pressure, 
* See Note at end of this Lecture. 



125 



LECTUBE IV. 




BLAKK 




}il,AKE 



' li " Ram koi; 
1\'KK A\'ai'i:i 



hkkim; with Uutke Waiki; wnii.f 

I ROJl A SrUINO OK t^HAi.iAlW Wei.I.. 



T i; \1:^im; 



124 LECTURE iV. 

and therefore occuj)}' about half its original volume. If the 
column be 68 feet high in the delivery pipe, the pressure on the 
valve will be about 30 lbs. on the square inch, and the air in 
the air vessel will occupy one-third of its original volume, and 
so on. Hence, it is necessary to proportion the size of the air 
vessel to the vertical height through which the water has to be 
forced in the delivery pipe. Besides this, air becomes absorbed 
by water, and in a short time the air vessel, if small, would 
become entirely filled with water. The air vessel may, however, 
be kept charged with air in a very simple manner by the intro- 
duction of a snifter valve S V, screwed into the ram casing, 
immediately below the check valve. In its simplest, and pro- 
bably its most efficient form, it consists of a brass plug with a 
very small hole drilled through its axis. Every time that 
water is forced through the check valve a very small quan- 
tity also passes through this tiny opening in the snifter valve ; 
and each time that the check valve is forced down upon its seat 
a rebound or reaction of the water takes place, and produces a 
partial vacuum immediately underneath the check valve. Con- 
sequently, a little air is forced into this vacuum by the atmo- 
spheric pressure, and this air is carried up into the air vessel at 
the next stroke or pulsation, thus keeping up the necessary 
supply for effecting a continuous flow of water into the receiving 
tank. If everything about this machine is thoroughly tight 
and in good working order, and the valves are made of the best 
proportions and weights, an efficiency of from 80 to 90 per cent. 
can be obtained therefrom, and it has been found possible to 
work it with a minimum driving head of only three feet. The 
several causes for loss of efficiency ai-e : — 

(1) Eddies caused by the sudden stoppage of the water's 
motion. 

(2) The friction of the water passing along the drive pipe 
D P, and the casing of the apparatus. 

(3) The weight and friction of the dash valve D V, which has 
to be lifted at each stroke or pulsation. 

(4) The weight and friction of the check valve V, which 
has also to be lifted at each stroke. 

(5) The slip of the check valve C V — i.e., a slight quantity of 
water may slip back past this valve when in the act of 
closing. 

(6) The friction of the water passing along the rising pipe R P. 

(7) Any defects of tightness in the faces of the dash and 
check valves. 

The sudden closing of the dash valve is only necessary to pre- 
vent the water spending a large portion of its energy in friction 
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at the restricted orifice while it is closing. Large rams are now 
made with special valves to stop the water gradually without 
throttling it, and so avoid the shocks caused by sudden closing 
without losing anything in efficiency.* 

Example I. — If 1,000 lbs. of water pass per minute through 
the drive pipe under a head of 6 feet, and 60 lbs. of water 
are delivered info the receiving tank, which is 87 feet above ihe 
check valve, what is the efficiency 1 

-pjv; . work got out ,. 

Efficiency = -— -^-^--^ (m the same time). 



Efficiency 



work put in 
87x60 



■ 6 X 1000 



= •87 



Or, 



Efficiency = 87 per cent. 



If the length of the drive and rising pipes be considerable, 
and if there be many bends and much throttling of the passages, 
then the efficiency will thereby be reduced to a considerable 
extent. By a simple modification of the ram shown in the 
illustration, river or impure water may be made to raise spring 
or pure water; the two waters 
are separated by a diaphragm, 
and the pumping action actu- 
ates two valves, the one being 
a suction and the other a de- 
livery valve. 

Velocity of Efflux and Flow 
of Water from a Tank. — Con- 
sider a jet of water issuing from 
a small circular orifice A at a 
depth h below the free surface 
of the water in the tank. If 
we take the datum line at the 
orifice, then inside the vessel, 
where the water is still, the 
energy is entirely potential and equal to mg h ; whereas, it is all 
kinetic just outside the opening and amounts to ^ m v-. 

Hence, ^ niv- = mg h; or, v'- = 2 gh ; 

i.e., V = JTgh. (VI) 

It will be observed from this equation (VI) that the velocity 

* See § 30 of Gordon Blaine's Hydraulic Machinery for an illustrated 
description of Mr. H. D. Pearsall's improved hydraulic ram. 
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V is the same as that attained by a body in falling freely from a 
height h ; and further, that it would be the same evea if the water 
had no free surface, so long as the pressure at the level of the 
orifice was equal to that due to a head h. 

If there be a loss of head / due to friction and eddies formed by 
the water in passing tlirough the orifice, 

(Vil) 



Then^ 
If, 



J2g{h -/). 



^ m V' — m, g (h - f) ; or, y 

= Tlie cross area of the orifice in square feet, 
radius of the orifice in feet. 

average velocity of the water in feet per second, 
head of the water in feet, 
acceleration due to gravity or 32-2 feet per 

second per second, 
quantity of water flowing out from the orifice in 
cubic feet per second. 

We find from equations (V) and (VI) that : — 

Q = av= a »J2 gh cubic feet per second. 

This formula is very nearly true for a small tapered opening, 
but with a flat one, as shown in the next figure, the cross area of the 



And Q = 





Efflux of Watee, from a 
Vekticai, Flat Orifice. 



Efflux of Water from a Hori- 
zontal Flat Orifice.* 



stream where the stream lines are parallel, at a short distance out- 
side the opening, is less than that of the orifice. The ratio of these 
two areas is called the coefficient of contraction, and it is found 
experimentally for a flat opening to be 0'64. The contraction is 
caused by the water flowing along the inner flat surfaces E F and 
Gr H and then leaving them at a tangent. It has aLso been found 
by experiment that for a sharp-edged orifice the velocity v is only 

* By mistake the figure has been drawn with a vortex, but when measur- 
ing water we must prevent the formation of a vortex by putting in radial 
blades. 
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O'.W s/'2(/h. Ildiicn, Uio iictiial How ibr a small circular orifice 
will bo : — 

Q = 0-Ua X O-'M ^TPi = 0'62a^'rf/i 

Q = 0'62 ■rrrW^TTh cubic feet per second. (VTII) 

ill iiioasuriiig a miuill How of waU'i- by (liis uictliod, it in run 
into a tank liaviiii^ a oanifuiiy niado olcan cnt oi-ifico of known 
aira, until tlio aui'fuoc level is jiiHt sullieiently abovo the outflow 
to cause l-lm water to run out aa fast as it runa into the tank. 
Tliia ilillerouee of level, or head A, is measured and the above 
f(U'niula Mpjilied. 

Accurate results cannot be obtained from a large circular open- 
iufj; placed in tlie side of a tank, because the ]iarta of it would iiave 
dill'ercnt deptlis from the free surface, and consequently the water 
woulil have dillbreut velocities at these parts. If we, however, 
jiut the oritico in the bottom of the tank, as shown in the right- 
hand liguro, then (ho velocity will bo approximately (he same at 
all parts of tlu' opening, and we can I'ulargo it so as to measure 
a mnch gi'oatei- How of water. 

Measurement of a Flowing Stream. In order to ascertain the 
available |iower from a stream or river, as well aa to test the 
t'llicionoy <>f a hydraulic installation, it is of the firwt importance to 
dotermiuo the r.cto of How — i.e., the number of cubic fei^t or gallons 
of water |)assing a given point per unit of time. At iirst sight, 
this would apiK'ar to be a very sim])le matter ; but, as will be 
shown, it is not so t>asy to do so wi(Ji accuracy, for several special 
precautions have to be observed and constants obtained. 

Rectangular Gauge Notch. — When wo have to measure large 
quantities of moving water, then such orilices as we have pre- 
viously dealt with are quite nnsnitable. In such cases, it is usual 
to pass the wholi^ of the water over a special form of weir or gauge 
notch. This consists of a board placed across the stream between 
stakes and carefully ]inddled, so that all the water must flow over 
it. The top bovolled edge of this board must be well above the 
surface of the water on the delivery side. Tim length of the 
notch is usually less than the width of the stream, and the board 
should be continued from each end in a straight line (as shown in 
the perspective view) so as to give doHnito conditions ; or parallel 
ivuides may be placed in the stream beloro the gauge board. In 
the former ease, the inflow of water at the ends of the notch board 
causes end contraction, while in the latter, this elloct is avoided. In 
each ease, cmiti-action of the stream is caused by the water flowing 
upwards from K (o F, as shown by the sectional liguro a few pages 
further on. Further, the surface directly over the notch board is 
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lower tlian that of tlie still water in the pond above tli(! board. If. 
however, we neglect these effects we see that with different lengths 




VTTZ','' 



}'nRsi'E(jTivE View of a RECTAN(iur.AR Oauok Notoh. 

of notch board the total flow will be ]iroportional to its length. 

Now, considei- any horizontal strip of the cross section of the 

stream over the notch (say, 
one-thousandth of its total 
depth); then, if we increase 
the depth of the stream 
over the notch, the vertical 
width of this strip and con- 
sequently its area will be 
]iro))ortionally increased, as 
well as its depth below the 
free surface of the water. 
But the velocity of the 
water passing through this 
strip varies as the square 
root of its depth, and the 
i|nanlity as the area multi- 
])lied by the velocity. This 
result will hold good for 
each elementary strip, and 
Front View and Plan of a Rec- ^^'". therefore, apply to the 

tancjui.au (jauue Nutou. whole stream. 
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Hence, Qtx av k h x ^7i cc hi for different depths ; 
And, Q oc 6 for different breadths of stream at the notch ; 

Q = /( 6 /?- for a rectangular notch (IX) 

Here, A is a coefficient of discharge which must be found by 
experiment. This equation, however, would not give us accurate 
results if the proportions of the stream passing the notch were 
much different from that used to determine the constant k. With 
a very long shallow notch a considerable error will arise from 
the fact, that the water may adhere to the horizontal bevelled 
edge, and with a very deep narrow notch a similar effect would be 
produced by the bevelled sides. The above formula is often used 
and is quite correct for similar streams ; but if the flow is variable 
the depth will change with the flow of the water while the breadth 
remains constant, so that the proportions of the stream obtained 
with different flows in a gauge notch of this kind are not the 
same. [See Note 1 at the end oj this Lecture for Mr. Ritchie's Rule.) 

The late Professor James Thomson showed how we may obtain 
a formula which will apply to all ordinary proportions of rectan- 
guhir notches. In the central part of the stream the lines of flow 
are practically parallel and unaffected by the sides of the notch. 
Consequently, the water passing through this part will be propor- 
tional to its breadth. Suppose the influence of each end to extend 
perceptibly to a distance x h from it. Then the breadth of the 
central part will be 6 - '2 xh. Consider a portion of this central 
part whose breadth is equal to h. This will be a square and 
therefore similar for different sizes of stream. Hence, since the 
area is proportional to h- and the velocity to Ajh, the flow through 
this square will be : — • 

A^ X h^ aJJi or Aj h^ 
where Aj is a constant. 

Consequently, the flow through the whole of the ceutral part 
(b - 2x h) will be :— 

^-^^^AjA^ = k^{b - 2xh)hl 

If we now imagine the two side portions to be placed together, 
we will get another stream which will be of similar form whatever 
its actual size may be ; for, it will always be a rectangle of depth 
h and length 2xh. Consequently the flow through this will be: — 

kc, X 2 .V h X A- = 2 k.2X h^ 
where Aj is another constant. 
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Hence, the flow of the whole stream will be : — 



Q 



If we write c for 



= k,^h- 
x{k^ - k^) 



K 



7 



h^. 



which is a constant, we get: — 



Q = Ai{6 - 2c/)}/)* (X) 

If one of the sides of the stream had a guide board we should 
have had x throughout instead of 2 x, and therefore c A in our 
final results instead of 2 c A. If both sides of the stream be guided, 
this term would disappear and we would get the former result. 

Mr. Francis, an American engineer, deduced the following 
empirical formula from a large number of experiments which he 
made : — 



Q = 3-33 6 



1 , 
jQ«/) 



h^ cubic feet per second. (X^ ) 



Here n is the number of end contractions (viz., 2, 1, or 0, as 
explained above), and the units employed are feet and seconds. 
It should be noted that this equation is of the same form as the 
[)revious one, and that neither is applicable to a notch whose length 
is less than 2 xh. 

Thomson's Triangular Notch. — Professor James Thomson pro- 
posed and used a gauge 
notch in the form of a 
right-angled isosceles tri- 
angle with its sides equally 
inclined to the vertical. It 
has the advantage of giving 
a similar form of stream 
whatever may be the size 
of the notch or the height 
of the water passing 
through it, and is, there- 
fore, more accurate for 
measuring variable streams. As, howevei', less water is passed for 
a given height than with the rectangular notch, it is not so con- 
venient for large flows ; but by cutting a number of such notches, 
side by side like the teeth of a saw, considerable quantities of 
water may be dealt with. 

If we consider corresponding elements of two such notches, we 
see that their areas are proportional to the square of their depths, 




Thomson's Triangular Gauge Notch, 
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whilst, as before, the velocities of the water are as the square roots 
of the depths. Hence, the flow through a V notch will be : 

Q = ^ X ^2 X Jh = A //* cubic feet per second. (XI) 

In this case, the coefficient of discharge k, has been found by 
careful experiment to be 2-64. 

Measurement of Head — When using either of the previously 
mentioned notches for determining the flow of a stream or river 
we must ascertain the head h, with great accuracy. This may be 
done by aid of a level, straight edge, graduated stafl", and a bent 
wire or hook-gauge in the following manner : — 

Drive the vertical stake V S, into the bed of the stream at 
a position above the notch where the surface has no appreciable 
velocity. To obtain such a posi- 
tion the pond above the weir 
should not be too small. Level 
a straight edge S E, by the level 
L, with its lower edge resting on 
the inner edge F, of the bevelled 
board and on the point of the 
hook-gauge. Note the position 
R^ on V S, opposite a mark M, 
on the longer limb H G. This 
gives us once for all the zero from 
which to reckon h. 

When the water is flowing in 
the normal condition for making 
the test, raise H G until the 
point P just touches the surface of the water and note the read- 
ing R, on Y S opposite M, as shown by the full outlined hook in 
the figure. The difierence between this reading and the former 
one gives the head h. 

As may be seen from the previous formulae any mistake made 
in determining h will produce a larger percentage error in the 
result with the V and rectangular notches than with an orifice in 
the bottom of a tank. The latter is, therefore, preferred where 
great accuracy is desired and the quantity of water is not too 
large, such as when measuring the circulating water used by a 
steam engine. 

Measurement of Large Streams. — When it is inconvenient or 
impracticable to place a weir gauge in a river, then the flow may 
be estimated by measuring the cross section a, of the river and 
finding its mean velocity v, at that section : — 




Apparatus fob MEASnKiNQ 
Head of Water. 



Then, as before, 



Q 
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To do this, a number of equidistant points are marked along 
a rope which is then stretched across the river at right angles to 
the direction of the current. By means of a graduated pole the 
depth at each of these points is ascertained from a boat. The 
results are then plotted to scale and give us a cross section of 
the river and an estimate of its sectional area. The surface 
velocity at midstream may be roughly found by noting the time 
taken for a float to move a given distance down .stream, and the 
mean velocity may be taken as 0'6.5 of this. It is, however, 
much more accurate to ascertain the velocity at a number of points 
of the section by means of a current meter and then calculate the 
mean value. The following illustration shows a current meter 




Elliott's Cukrent Meter. 

made for this purpose by Messrs. Elliott Brothers, London. It 
has a screw-shaped vane V, ■which is rotated by the water 
flowing past it. The revolutions of this vane are counted by the 
wheel W, which is driven by a worm on the same spindle as the 
vane. When the apparatus is immersed by means of the rod R to 
the required depth, with the vane pointing up stream, the cord 
is pulled up and kept tight for a definite interval of time. This cord 
is attached to the end of a lever which carries the bearings of the 
counting wheel and is pushed down by a spring E. The wheel only 
gears with the worm when the cord is pulled, and the reading 
gives the number of revolutions of the vane from which the velo- 
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city of the water may bo deduced. F is a rudder to keep tlie 
apparatus poiiitiiio; directly upstream. 

Horse-Power of a Stream.— After having obtained the quantity 
of water flowing in a stream, we liave only to measure the avail- 
able head in order to iiud its horse-power H.P. The head may be 
measured in feet by aid of a surveyor's level and statT. Then, if w 
be the weight of a cubic foot of water, and W the weight of the 
total flow of water per second, we get : — 

Q = « i). And W — Qw. 



Hence, H.P. 



H.P. 



ft.-lbs. per second A x Q w 
550 "" 550" ■ 



62-5 
550 



X A Q = O'lM /; Q - 0114 h a v. (XII) 



Vortex Motion. — A whirling mass of fluid is termed a vortex 
and may be either forced or free. A free vortex is one which can 
hv formed naturally, as when water flows through a hole at the 
bottom of a basin, and is such, that the energy of the fluid per unit 
mass is the same at all points in it. A forced -vortex can only 
be produced artiflcially, and in it the energy of the fluid is ditleront 
at dill'erent places. Such 
a vortex may be obtained 
by rotating a cup contain- 
ing water. 

Free Vortex. — From the 
above condition of con- -=£^ 
staut energy, the velocity \zrz. 

at a point A, on the sur- •:::_- 

face of the vortex and at ^ 

a depth h below the level ' 

of the still water, must be 
the same as that due to a 
body falling freely from a height h. 

V = s/-2gh. 

A particle on the surface of the vortex is acted upon vertically 
by its own weight m </, and horizontally by a centrifugal force 

'"'^ . The resultant of these two forces must make an angle 6, 

r 
with the vertical, so that : — 




Fkke Voktex, 
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m V 

~V v^ 2 h 



tan 6 

tn q g r 



Here m is the mass of the particle and r the radius of the circle 
in whicli it revolves. 

This resultant must also be perpendicular to the surface of the 
fluid at A, since the fluid cannot resist anj' shearing component. 
Consequently, if the slope of the surface at A be tan 6, 



Or, 





dh 

dr ~ 


tan d = 


■2h 
r 




dh 


dr 






2/t ~ 


r ' 




^1 


og/i, = 


- logr 


+ \' 


log 


■Jh = 


log?, 





log c. 



/7=A7 (XIII) 

r- 

Here, c is a constant of integration which will depend on the 
size of the vortex. It is the radius of the vortex at unit depth. 

Since the total energy is the same at all places in the fluid and 
the pressure at B due to the column BO, just makes up for the 
lower level of B, the velocity in any thin vertical tube of fluid 
such as B must be constant and equal to that at the surface of 
the tube. 

A vortex of this kind was applied to centrifugal pumps with 
radial blades by Professor James Thomson in order to convert, as 
far as possible, the kinetic energy of the water into potential 
energy. The vortex commences at the circumference of the wheel 
and the radial component of the water's motion is outward. 

Forced Vortex. — In a vortex whose angular velocity w is coq- 
Btant throughout, we have at any point A on the surface :— 

Centrifugal f( irce = mr a?, 

■m r ui- r w^. 

tan u = = 

mff g 

dh 0? 

d r g 

Or, dh = ~r dr. 

9 

h = -o— ---- o— - (XIV) 
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This is the equatiou to a parabola with its axis vertical, and, 
therefore, the surface of the vortex will be the paraboloid formed 
by rotatiug this parabola 
about its axis. The velo- 
city of any particle D, on 
the surface of the vortex is 
that which would be at- 
tained by a body falling a 
distance equal to DC. The 
kinetic and potential ener- 
gies are both least at the 
centre B, and become greater 

as we move upwards or out- 

wards. We have a vortex " 

of this kind in the wheel of Forced Vortex. 

a centrifugal pump with radial blades. 

Pressure due to Centiifugal Force. — When a liquid is rotating, 
its pressure is not the same for all points on one level. Thus, in 
the previous figure the pressure at B is 
atmospheric, while at the point on the 
same level, the pressure is, in addition, 
that due to the head C D. 

Consider a uniform column of liquid 
B C, rotating round the axis B F, with 
an angular velocity u and cross sec- 
tion a. Then, if j> be the density of 
the liquid, the centrifugal force due to a small element of length 
c? r, at a distance r from the axis is : — 

padr X (iP- r. 

.•. The total centrifugal force of the column BG = pa ttP-Jr d r. 

This force is spread over an area a, at the end C, and we must 
divide it by this area to get p, the pressure per unit area. If the 
whole column from B to C is full of liquid : — 

Then, p = ( i^'>-\\ dr = \ e '^- r\ = \ ?v\. . . (XV) 

Jo 

But, if the part of the column from B to E is empty : — 



TL 



— r — — >i(//-K- 



WHrRLiNG Column. 



Then, p = pu-l r d r = h f i>fi{r[ - r. 



i s 



(XV,.) 
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Students wlio are not acquainted with the integral calculus will 
understand the following proof of these equations. 

The centre of gravity of B C is at a distance of ^ B C from B. 

.-. Centrifugal force due to) ca'- -^ ^ I f a o/^ r\ 

the whole column B f e"-'^i^'^<2 "^ i 

The centre of gravity of the part E is distant -^^^-^ — ^ from B. 



Centrifugal force due to E = f ra (rj - r^ 



U)'- 



)i .1 = he"- ""^ (^1 - »"2 )• 

This formula may be applied to finding the equation for the 
forced vortex. For, in the figure of the forced vortex, if 
B C = r, and C D = A, then, 'p = hw = h f g. 

Therefore, from equation (XV), we get : — 

heg = \fv", 

V" 

Or, ^ = ^^ (as before). 

Reaction of a Jet. — In general, when a fluid issues from an 
oritice it exerts a force on the vcs.sel which contained it. This 
force is the reaction of the jet, and is due to the momentum given 
to the escaping fluid. 

Let V = Velocity of eftlux, and a = cross-sectional area of outlet. 
„ w = Weight of unit volume of the fluid. 
,, W = Weight of fluid issuing per second. 
„ m. = Ma-ss issuing per second. 
,, Q = Quantity or volume issuing per second. 
,, F = Force exerted on the vessel containing the fluid. 

Then, the momentum given to the water per second =^ m v. 
And, since force is the rate of change of momentum : — 

W 
¥ = 7nv = — V. 
9 

But, V7 = w(^ = wav. 

F= ~v = = ^—^Iwah. (XVI) 

This formula also gives the force acting on a vane of a turbine 
or waterwheel which alters the direction of flow of the water and 
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in tliat case, v is the oliauge of velocitv |ivoducecl by the vane. In 
applying the foruiuhi to any pai'ticiilar case, v is the total change 
of velocity produced until the watei' is quite clear of the vessel, 
and the direction of the force acting on the vessel is exactly 
opposite to that of y. The following figures will explain the results 
in three cases : — 




liAoiiW-VK','. Xo Moiios. IVr.WAKP. 

Motion' Produckp by a .Tet. 

In the left-hand figure the jet of liquid issues towards the right 
and urges the containing vessel to the left^ The jet in the central 
figure strikes a plate fixed to the tank close to it, and then drops 
vertically downwards ; consequently, the water receives no hori- 
zontal moiuenttim and the tank no motion from it. The water 
wilh however, exert a pressure on the plate, and this pressure 
balances the foi-ce produced by issuing from the oritice. In the 
remaining figure the jet is turned backwards by a curved guide 
attached to the tank and the whole momentum imparted to the 
water is backwards, consequently the tank is piressed forwards. If 
there be no loss from friction or eddies, the backwiu-d velocity of 
the stream, when the tank is at rest, must be the same as that 
with which it left the oritice. The blade has not only stopped the 
water, but has given it an equal backward momentum, and must, 
therefore, be pressed with a force twice as great as the flat one in 
the previous case. The force on it, is therefore. 2 F or -i w a h, 
which is four times the pressure on a ]ilug stopping the orifice. 
When the tank is in motion, the momentum given to the water is 
modified thereby, as will be explained in connection with the 
Pelton wheel in the next Lecture. Steam life-boats are now 
frequentlv propelled by jets of water instead of by screw pro- 
jiellers. 

As this reaction astonishes everyone who hears of it for the 
first time, we will consider it from another point of view. Water 
under a pressure of 100 lbs. pier square inch issues out of a 
nozzle of 1 square inch in area, and ini]iiDges on a fixed vane of 
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such a shape as to gradually deflect the water and turn it back in 
the opposite direction, without loss by friction, and consequently 
without loss of velocity. Thus, the vane may be a double U, as 
in the Pelton wheel ; or a semicircle ; or it may deflect the water 
in more than one plane. Then, the pressure on the vane is 400 
lbs., although the statical pressure on a plug or valve stopping 
the jet is only 100 lbs. Although it requires very little elemen- 
tary dynamics to prove this fact, the statement is generally 
received with incredulity. 

In the first place, it will be seen that the vane not only arrests 
the water — that is, imparts a negative acceleration to it, equal and 
opposite to what it received from the nozzle — but accelerates it 
equally in the opposite direction. Therefore, the total pressure on 
the vane is double the reaction on the nozzle. 

The nozzle reaction at first sight appears to be 100 lbs.; that is, 
area of jet multiplied by pressure. But wait ! Imagine a square 
vertical column in which water is maintained at a constant head. 
Near the bottom is a suitably formed horizontal nozzle closed by a 
plug. The system is then in equilibrium, since every square inch 
of wall has another square inch opposite to it which is acted 
on by an equal and opposite pressure. Opposite the nozzle, on the 
other side of the vessel, is a small circle equal to the area of the 
plug and equally pressed by the water. Now, remove the plug 
and let the water issue. It really does look as if the force pushing 
the vessel back was the pressure due to the head acting on this small 
circle on the back wall — that is, equal to the pressure multiplied 
by area of jet. But by Newton's second law, whenever we find a 
body moving at any velocity, we know the product of the force 
which has urged it and the time during which it has acted. Let us 
take a simple case and suppose the height of the water surface above 
the nozzle to be 16 feet. Then we know that the water issues as fast 
as if it had fallen 16 feet, and that its velocity is 32 feet per second. 
Consequently, every second a cylinder of water equal in section to 
the area of the jet and 32 feet long has a velocity of 32 feet per 
second impressed on it. Therefore, the urging force must be equal 
to its own weight ; because when falling from rest by gravity — 
that is, when urged by its own weight — it acquires that velocity in 
one second. But the statical pressure is only half of this, being the 
weight of a cylinder of water equal in section to the jet and 16 feet 
long ; and, since action and reaction are equal and opposite, the 
recoil of the vessel is equal to the force urging the jet, or twice 
the statical pressure. 

Of course, if the jet strikes a flat vane at right angles the motion 
is stopped in its own direction, but not returned, and the pressure 
on the vane is twice the statical pressure. But, if the vane 
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returns the motion undiminished the pressure is four times the 
stutical pressure. 

Reduction of Pressure Round an Oiifice. — Let h he the depth of 
a bell-sha)ied oritice and a its cross sectional area; then, if this 
orifice be completely closed by a flat plate, the force required to 
keep the plate in position will be wah. It might therefore be 
supposed that, when the plate is removed and the water allowed 
to flow, this would be the force exerted on the vessel, but on look- 
ing at our former result (see equation XVI) we find that the 
actual force is twice as great, or 2 w a h. 
by a diminution of pressure on the 
surface round about the orifice. 
At these places the water has a 
certain velocity, and Bernouilli's 
theorem shows us that the pres- 
sure there must be less than when 
the liquid was at rest. 

There can be no reduction of pres- 
sure on the flat surface round the 
bottom of a re-enti-ant orifice, 
because there the water is pi-acti- , 

cully at rest. The amount by which 
the pressure is reduced on opening 
the orifice must, tlierefore, be that 
on the area of the orifice itself, or w a h. 
set in motion a mas 



This difl'erence is caused 



.-:\K 



:-vrcm 



<.'.'.'.V'.'.VVV\TTT^ 



But, 



Re-extr.\nt Okifick. 

Every second, this will 
as given by the equation : — 

wah = in V. 

W 10 Q w a V 

9 



m = 



9 9 

Where a is the cross area of the jet, and v = y/'l g h. 

wax 2 g A 



wah = 



Hence, 



9 9 
= 2 a' (XVII) 



That is, the area of the jet will only be half that of the orifice. 
This result has been found experimentally to be correct. "With a 
sharp-edged orifice, such as we considered in the early part of this 
lecture, there is a certain reduction of pressure round the orifice, 
and, therefore, the contraction must be less than in this case. 

Impact — Loss of Energy. — When a stream of fluid meets an 
obstruction which causes a sudden change in its motion, its kinetic 
energy is partially, or perhaps wholly, spent in forming eddies or 
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little whirls of water, and is thus lost so far as useful effects are 
concerned. The eddies are, however, soon stilled by the viscosity 
of the liquid aud their energy is converted into heat. 

Let us suppose a body of mass m^ moving with a velocity v^, to 
overtake and strike another body of mass m.,, and velocity v,^. 
After collision let the bodies move on together with a common 
velocity ■;;. 

Then, from the laws of momentum, 

(TOj + OT2) V = m^Vj^ + m^ «2' 



Or, 



But, before impact, the total energy was : — 
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This lost energy is converted into heat. If one or both of the 

bodies be fluids the lost energy at 

first shows itself in eddies ; but, as 

■^^ already explained, it is ultimately 

converted into heat. We thus see 

that when two streams moving at 

difierent velocities mix together, 

energy is lost and this loss is greater 

the greater the difference of the 

velocities. A similar effect takes 

Collision. place when water flows through a 

pipe with sudden changes of area, 

and even to a slight extent when the area is gradually varied, and 

also when water is flowing in a pipe or channel above a certain 

speed. In all these cases, different parts of the water move with 
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different velocities, and these parts get mixed with one another. 
It also shows, why a turbine or water-wheel in which the water 
collides with the vanes, must have a low efficiency. * 

Resistance of a Pipe, — When a fluid is passing through a pipe 
it rubs against the sides and experiences a certain resistance to its 
motion. This resistance limits the flow in a long pipe and causes a 
loss of head or pressure. Had the water no viscosity its flow would 
udt be afiected by the friction of the inner surface; because, this 
friction could only act on the thin layer of water actually in contact 
with the pipe. 

Professor Reynolds found that the manner in which water flows 
depends upon its velocity. When this is below a certain critical 
point the flow depends chiefly on the viscosity and is along smooth 
stream lines. On passing the critical velocity, the water no longer 
moves steadily, but breaks up into numberless little whirls or eddies 
wliich move along with it, and absorb energy from the main stream. 
The former condition may be called Steady Flowa.ndL the latter Eddy 
Flow. This was beautifully demonstrated by Professor Reynolds 
by passing water from a large tank through a glass tube and then 
injecting a fine stream of coloured liquid with the same velocity 
into the centre of the stream. The 
water in the tank was quite steady 
and entered the tube through a bell 
month. At low velocities the coloured 
liquid formed a thin line along the 
Centre of the tube, but at a certain 
velocity it was seen to suddenly spread 
out through a considerable part of the 
water, and on photographing it by 
means of an electric spark it was found 
to be all twisted into little whirls. 

He also found, that the law connect- 
ing the resistance R, with the velocity 
V, was different for these two condi- 
tions. For the lower speeds he ascer- 
tained that the resistance was propor- 
tional to the velocity, but at greater 
speeds it varied as some higher power, 
ranging from 1'7 to 2 depending on the roughness of the pipe. 
Near the critical velocity, which depends on the diameter of the 
pipe and on the temperature, the law is uncertain. The tempera- 
ture affects the viscosity on which the critical velocity also depends. 

On plotting the logarithms of his results as obtained with a smooth 
lead pipe \ inch in diameter, we get the lines shown in the ac- 
com pany ing figure. This consists of two straight lines joined by a 
* See Note 2 at end of this Lecture. 



Log of Velocity 

Resistance op Smooth 
Lead Pipe at Dm?ERENT 
Speeds of a Fluid. 
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curve of indefinite shape. The two straight parts have slopes of 
1 and 1-72, showing that in one case the increase of log R is equal 
to the corresponding increment of log v, whereas beyond a certain 
point it is 1'72 times the corresponamg increment of log v. 
This shows us, that if Cj, c^, and Cj be constants, then : — ■ 

For steady flow, E, = c-^^v. 



For eddy flow, R 



1-72 
C, W + C„ 



The resistance of the pipe for any velocity is most conveniently 
expressed in terms of the difference of pressure per unit length 
required to force the necessary quantity of liquid per second 
through it when level. This is called the Slope of Pressure. 
Whether the pipe is level or not, if it be of uniform bore, this slope 
is given by the difference of level between the free surfaces of the 
pressure columns at any two points, divided by the length of pipe 
between them. This has been termed the .Slope of Free Levd, 
and is shown graphically by a line passing through the surfaces of 
a series of little pressure columns. 

Hydraulic Mean Depth.— The resistance of a pipe or channel is 
directly proportional to the extent of the wetted surface in a given 



-^f^- 




Wetted Perimeter of Different Sections. 

leno-th, and inversely to the cross area of the stream. The trans- 
verse length of the whole surface wetted by the stream is called 
the Wetted Perimeter, and the ratio of the cross area of the stream 
to its wetted perimeter is termed the Hydravlic Mean Depth, 
which we shall denote by D. 

The friction of the pipe or channel will consequently vary 
inversely as the hydraulic mean depth. 

Combining this with the former results we have for water pipes 
or channels : — 



R = c^-. 



(XIX) 
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Where c is a constant depending on the nature of the surface 
and the temperature of the water, and n. is a number varying from 
r7 for smooth lead pipes to 2 for very rough pipes. The critical 
velocity for water in ordinary pipes is so low, that in all practical 
cases in which we wish to know the resistance, the actual velocity 
is always above it. 

For a circular pipe, whose diameter is d, and which is full ot 
running water, the wetted perimeter is the circumference of the 
circle : — 

4 d 

D = J = -^ for a circular pipe. . . (XX) 

For a rectangular open stream of depth h and breadth 6, the 
wetted perimeter = 1h + h and the area is 6 /t : — 

6 h 
D = , V for an open rectangle. . . (XXI) 

Loss of Head due to Friction in Water Pipes.* — Having dealt 
with the loss of "head" where water enters a pipe due to the 
shape of its mouth, and mentioned Prof. Reynold's experiments 
on steady and eddy flows of the liquid through a smooth pipe, 
as well as explained what is meant by the " wetted perimeter," 
we are in a position to state the generally accepted rules for the 
loss of head in ordinary clean cast-iron water pipes. 

From many tests with piezometers or pressure columns, gauges 
or vertical tubes, inserted at known distances apart into the 
upper sides of straight pipes of different sizes and internal 
roughness, but of uniform bore, without bends, it has been 
found that the loss of head due to friction for water flowing 
through these pipes at different velocities, is approximately 
proportional to — 

1. The length of the pipe, I. 

2. Inversely to the diameter of the pipe, d. 

3. The square of the velocity, v. 

4. The roughness. 

5. But it is independent of the water pressure. 

Let At = Total head in feet or pressure per sq. in. 

/i], = Lost head due to friction „ ,, ,, 

/ij, = Effective head at point of delivery „ ,, 

Then, Al = ^T - h^ 

•This "leas of head due to friction " is termed the " friction head." 
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Now, if / = coefficie-nt of friction found by experiment, which 
will vary between 0012 for a ^-inch pipe when v = 1 foot per 
second, and 0-003 for a 3-foot pipe when ■« = 1 5 feet per second. 

Then, loss of head, 

^ /wetted surface , . , , , , i -j. \ 

At = / ( X loss of head due to velocity ). 

\ cross area / 

Or, K 



h. 




-yiW-^ ^^^''^ 



Example II. — What will he the loss in head for every 100 feet 
of a 3-inch pipe when water flows through it with a velocity of 
3 feet per second, if the coefiicient of friction be -0065 "i 

Here, i = 100 feet ; c^ = 3 inches = -25 feet ; v = Z feet per 
second ; andy = 'OOGS. 

By formula XXII., Answer — 

/4 I v^' 
We see that, ^l = / { 



= -0065 



d2g, 

4 X 100 



')• 



■25 X 2 X 32-2 
Or, Al = 146 feet. 

Now, looking at the following table by Prof Merriman, we 
see that opposite to a pipe of 2r> foot in diameter, and directly 
under the velocity 3 feet per second, the loss of head is printed 
as 1'46 feet for every 100 feet of length. In that table, the 
" friction factor," y^ is reckoned as four times the previously 
mentioned value for the coefficient of friction,/! 

Or, /p = 4/; 

because the constant 4 appears in the numerator of the natural 
equation XXII. 

Hence, when using the table, the "friction factors," /p will 
vary from 0'05 for a ^-inch pipe when v = 1 foot per second, to 
001 2 for a 3-foot pipe when v = 15 feet per second. 

The formula for the "friction head " therefore becomes, using 
the following table : — 
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Table op Friction Head for 100 Feet oe Clean Iron Pipe.' 









Velocity 


in Feet per Second. 






Diameter 
ot Pipe. 
































1. 


2. 


3. 


4. 


6. 


10. 


16. 


Feet. 


Feet. 


Feet. 


Feet. 


Feet. 


Feet. 


Feet. 


Feet. 


0-05 


1-46 


5-10 


10-30 


16-90 


34-70 






0-10 


0-59 


1-99 


4-20 


6-97 


14-50 


37-30 




25 


0-20 


0-70 


1-46 


2-40 


5-37 


13-70 


29-40 


U-50 


09 


0-32 


0-70 


1-14 


2-46 


6-22 


13-30 


0-7.5 


005 


0-21 


0-45 


0-73 


1-.57 


3-94 


8-40 


1-00 


0-04 


0-15 


0-.32 


0-55 


1-12 


2-80 


5-95 


1 •25 


0-03 


Oil 


0-25 


0-42 


0-85 


2-11 


4-48 


1-50 


002 


0'09 


0-20 


0.33 


0-67 


1-66 


3-50 


1-75 


0-02 


07 


0-16 


26 


0-54 


1-33 


2-80 


2-00 


O-02 


06 


0-13 


0-21 


0-45 


1-09 


2-27 


2-50 


0-01 


0-05 


0-10 


0-16 


0-.34 


0-81 


1-68 


3-00 


0-01 


04 


0-07 


0-12 


0-26 


0-67 


1-40 


3-50 


01 


03 


oni; 


0-10 


0-21 


0-53 




4-00 




0-02 


0-05 


0-08 


0-17 


0-42 




5-00 


• *• 


0-02 


0-04 


0-06 


0-13 






6 '00 


... 


01 


0-03 


0-05 


0-10 







ExAiMPLE III. — Find the friction in a 4-inch wrought-iron 
pipe delivering 200 gallons per minute. What is the loss in 
liead and H.P. per 100 feet? (See The Practical Engineer, Sept. 
11, 1903, p. 264.) 

Answer. — Gallons per second = -:r?r. 

'^ 60 

Cubic feet per second =^ ^^r^ Tii^r, = '535. 



Area in sq. ft. of a 4" pipe 
Velocity (y) of water 
Let the friction factor 
Then, by formula XXIII. and the above table — 
Iv- \ „„„ / 100 X 6-12 



60 X 62-3 
-087. 

■fis^ = - i It. per sec. 



■087 
•023. 



"We get, 



H.P. absorbed 



4 X 200 



= -023 
10 



33,000 



2 X -3 X 32 -2^ 
24 (approximately). 



= 4 ft. 



* From Treatise on Hydraulics, 8th Edition, by Prof. Merriman, Lehigh 
University. 

■1 10 
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Example IV. — A hydraulic lift, with ram, load, ifec, weighs 
10 tons, the ram is 9 inches in diameter, and the friction in the 
mechanism is equal to 0-05 of the gross load. The accumulator 
is half a mile away, and is loaded to 800 lbs. per square inch, 
tlie diameter of the supply pipe is 3 inches. Estimate the speed 
of ascent of the lift, if the loss of head in the pipe is 00005 Iv^jd; 
I being the length in feet, d the diameter in feet, v the velocity 
of water in the pipe in feet per second. (B. of E., S. 3, 1904.) 

Answer. — Let V be the speed of the lift in feet per second. 
Then, since the diameter of the supply pipe is \ the diameter 
of the ram, the speed of water in the supply pipe will be equal 
to 9 V. Assuming that the " loss of head " is measured in feet 
of water, we get : — 

The loss of pressure in ) ,., 00005 Iv'^ \ Since -43 lb. per 
lbs. per square inch | = '^'^ x ^^ \ sq. in. = 1 loot 

\ head oi water. 

_ -43 X 0'0005 X 2,640 x (9 Nf 
» .. - .05 

= 184 V2. 

Thus, the pressure on the ram will be equal to (800 - 184 V-} 
lbs. per square inch. 

Equating the work done per second by the water on the ram 
to the work per second required to raise the lift, (fee, we have — 

Pressure per sq. inch) r /,,r • 1 i. r i-r^ 1 1 , • 

on the ram x area of - = -[ (^/.^S'!* f ^.f + '"^^ ''"^ *« '*« 

• , 1 It friction) x its speed. 

ram x its speed j "• / r 

(800 - 184 V-; X '^ ^ '^ X V = (10 x 2,240 + '05 x 10 x 2,240) x \'. 



Hence, V^ 



10 x 2,240(1 + -05) X V. 
SOO 10x2,240x105x4 



1^4 ■- X D- X lo-i 

Or, V- =4-35 -2-01 --^ 2-34. 

V = v'-!34 = 1-53 feet per second. 



NOTES ON LECTURE IV. 
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NoTK ON WoRiciNU OT Hydkadlio Uams (see p. 121). 

I'rofcsaor Irving P. (Jhiircli in liis l(^xL-l)ook on Hi/drnulic Afolors gives 
tlui following as tlic nioilo of action of tlio hydraulic; ram : — 

" Tlio wat.or in tlio drive-jiipe having \A\uh been brought to roflt, bnl 
ln'ing still Hlightly ('oinpreasod, an olastio reooil or rtihound takes place and 
thi^ pressure underneath tho two valves V and D V ({uickly falls to a low 
\'aluo. less tJum one atmosphere, so that tho valve C V eloses, while D V is 
opened, hotii on aceount of its weight and of //ic pres.'iure of the. outer air. 

" IlKsiii.TS OF KxPERiMKNTS ON A No. 2 (JoUf.D's HyDRAULif! Ram, Carried 
(Hit hy I'rofeasor Churoh at Cornell University in March, 1809. 



I W lluli: 
'I'iMlC 



I 

ii (,s.) 



ir, 
Hi -7 



Vul- 

HllliullS 

|iir 
MiiuiUv 



80 

60 

98 



UliKtIl 
(if Stri.ki 
c.r VVii,hI,i 
Valvi^ ill 
OloHili^'. 



Llis.nf 

WlltlT 

ICiiiscil 



4-S'2 



Hcinht 

(II) 
Uiriiii(;h 

Wllil'll 

VV liter ts 
lliii.wil, 
ill Feci. 



49-4 
56-4 
49-4 



LI IS. of 
W liter 
PausiiiK 
tliriiiiKli 
AViistu 
Viilve liev 
iMimite. 



26-7 
21-8 

2o-(; 



Fall "]■ 
Woi'kiiiE 
Tlrmi (/i) 
uf Wuslo 
Wilier, 
ill Ji'eel. 



17 
10 
17 



miicieliey 


Rniii. 


(l-.^ilH 


0-595 


o-cso 



" In No. 1 the full weight of the waste valve D V, which was 6§ ounces, 
was operative, therti being no pi-ovision to counterpoise a portion ol it; and 
the length of its movement, or 'stroke,' was 5 inch. In the other two, 
Nos. 2 (s) and 3 (.s), a light spring was employed, liy the use of which the 
waste valve was vii'tually relieved of aJunit one-half of its weight {thougli, 
of I'ouise, i(,3 'mass' was practically unchanged). In No. 2 (.s), the length 
of sti'okci of vah'e being the same as before, the ellieieney is nuiintained at 
nearly liO per cent., notwithstanding the fact that the ratio H~/i is nearly 
doiiliie wliat it was in No. 1. This is doubtless duo to the (relatively) 
i|iiick closing of the valve. In No. 3 (.s) the stroke has been nuxde shorter 
widi the ellect of increasing the elhcienoy to CS per cent., to which the 
decrease in the ratio 11-:-/* has also probablj^ contributed somewhat. Tho 
pulsalion is here very rapid, being 98 to the miuute. " 

NoTKS ON Measuukmunt of a V'l.owiNd Stream (see p. 129).* 

A'./. 1. Ritehie's Rule for the Flow of a Stream with a Rect- 
angular Notch.- "C'idietlie depth of liuMvalcrin inches, Howing through 
tlu^ notch, extract .■^(piare root, multiply by 5 (or more exactly by 4 '83) — this 
gives the number of cubic feet per miiuitc Howing over each foot in width." 

Or, Q. = /■/>/(' = (flx 1 x/rJ). 

" I have found the best propertion of widlh of notch to depth flowing 
over the notch to be about 10 to 1." 



'1 am indebted to Mr. .1. Ritcliie, of Oarriek & Kitehie, Kngineers 
Waverley Kngineoring Works, Edinburgh, for these A'oles. 
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Sotf, 2, re p. 141, at top. — Mr. J. Ritchie says ; "I am not quite clear 
about this. As a matter of fact, the tiTrbiiie bucTiete at the point of 
entry are nearly always at riglit angles, or square on to the jet; especially, 
in all the mixed flow turbines, wliich are rapidly superseding the older 
Forms of Jonval and other Continental makes. Most of the Continental 
turbine nialiers are now taking up the manufacture of mixed flow turbines. 
In Girard turbines, it is usual to have the outer edge of the ijucket slightly 
curved in tlie direction of the flow, but tlie circumferential speed of a 
Girard turbine is generally lower in proportion to the velocity of the 
water, than a pressure turbine of the Jonval, inward, or mixed flow type. 
Some of these Girard turbines give the best results at "45 of the theoretical 
velocity due to the head, whereas the usual proportion of a pressure 
turbine is '65 of the theoretical velocity due to the head. Some of the 
buckets of American wheels are actually rounded on the face, instead of 
hollow, such as the Risdon turbine, and these give very high efficiencies. 
In some of the very latest American turbines the vanes are perfectly radial 
in plan, the turning action on the water being entirely done on the lower 
part of the bucket. In these cases, the water issues from the port almost 
at right angles to the bucket, so that even allowing for the forward motion 
of the wheel there must be collision to some extent." 
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LeOTIIKIO IV. QlIEW'l'lONS. 

,1. Ti-tiVB Mio. \ti\v for clijiiiging /j, v, and h. ii.l(ni;^ a stroiini line in a 
frioLiouloas Ihiid. Apjily tlio law to iiiiil tUo fmniol shapo of tho surfaco of 
water in a baMiii from whiuh tho wator is llovviiig by a uontral liole. 

2. Prove the law for elianging p^ Vy and /t along tho ytreaiu lines in a 
frietionless lluid. Apply, nugleoting ohango of level, to the case of adia- 
l>a('ie flo\v iif air from one vewsel to n.nothor through a small orilice, and 
dodnee the rule for ina.xinuim quantit.y Iluwing. 

.'t. Doseribo the aetion of a jet pump, or of a good form of injoebor. 

•I. Water flows through a round sliarp edged orifice .') inches in diameter 
in a flat plate, at about 1'2 inches below still-water level. Show by a 
sketch your notion of tho shapes of tho stream lines. If we wish bo know 
tlie pressure at any point, why is it not suliicieiit to know only the depth? 

5. Deduce a formula giving the velocity with which wator issues from an 
oritiue, and show how to apply it to water under pressure. 

(>. Discuss briefly the relative advantages under various circumstances 
of tlie dill'ereiit methods of measuring a stream of water. 

7. l*^ind the liorso-power of a waterfall 70 feet high, when the streanr is 
such fhat it passes over a gauge notch G feet long with a head of 15 inches. 
If it is employed to drive a tiu'bine of 80 per cent, efficiency, what 13. H. P. 
^vonld you expect to obtain? 

8. Investigate the form of the surface of water which flows out of a hole 
in the bottom of a basin with a vortex motion. 

9. WJiat is meant by a constrained vortex, and wliy will such a vortex 
rapidly disappear \vheu loft to itself? li'ind the form taken by the surface 
and show how to apply this to finding the pressure in a centrifugal pump. 

10. The wheel of a centrifugal pump 2 feet outside diameter lias a very 
large ease and rotates at 100 revolutions per minute about a vertical axis, 
and almost no water is being delivered. Calculate and show in a curve 
the pressure at points in a horizontal plane, at various distances from the 
axis. The vanes are bent backwards at an angle of 30° with the radius at 
tho outer part : if the radial flow becomes 2 feet per second and tho cir- 
cumferential openings arc 200 sq. inches in area, what is the kinetic energy 
of the water leaving the wheel ? What is the pressure in excess of that 
at the inner rim of the wheel where the water enters without shock '! If 
there is no friotional loss to what height will tho water be lifted above the 
well ? In an actual pump with small wheel case what is the probable lift ! 

11. "Barker's mill" consists of a horizontal pipe with a nozzle at right 

angles to it at each end thus ' i Water enters it by a vertical pipe 

at the centre, and the whole is so mounted that it can rotate about the axis 
of this pipe. Find the torque wneu the wator is issuing under a head A, 
and the mill is revolving n times per minute. Show that the power is 
greatest when the velocity of the nozzles is half that due to the head, and 
that the etiicieuoy then cannot be over 50 per cent. 

12. What are the chief conclusions to be di'awn from Reynold's experi- 
ments on tho flow of water through pipes ? 

13. What is meant by tho Hydraulic Mean Depth of a pipe or channel, 
and show how wo use it in calculating the resistance to the now of water ? 
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14. If a hydraulic company supplies 1,000 gallons ot water at 700 lbs. 
pressure per square inch for 17 pence, how mucli is this per horse-power 
per hour? Another company supplies water at a "head" of 260 feet: 
what price ought it to charge per 1,000 gallons if the consumer is to have 
his energy at the same price as in the other case? Ani. 2'U8d. ; 2|d. 

(B. of E, Adv., 1900.) 

15. What is the usually accepted rule for loss of head or energy per 
pound of water passing along a straight pipe i What is the law when the 
water flows very slowly ? And why is there a difference between the two 
laws? (B. of E. Adv., 1900.) 

16. 60 horse - power is being delivered hydraulically into a mile of 
straight horizontal pipe at a pressure of 700 lbs. per square inch. It is 
found that 52 horse-power is available at the far end. What power will 
be found available at the end of 2 miles of a pipe three-fourths of the 
diameter of the first-named, if the entering pressure is 800 lbs. per 
square inch, and the entering horse-power is 40? Ans. 26 '61 H.P. 

(B. of E. H., Parti., 1900.) 

17. A horizontal pipe of 12 inches diameter gradually becomes 3 inches 
diameter, and then becomes of 12 inches diameter again. There is a flow 
of 5 cubic feet per second. Neglecting friction, state how the pressure 
alters along the axis of the pipe. (B. of E. Adv., 1901.) 

18. Take the loss of energy through friction of every pound of water 
flowing along a straight circular pipe of length I feet and diameter d feet, 
the velocity being v feet per second, to be 0'0007 Iv^/d foot-pounds. 
If water at 700 lbs. per square inch conveying .300 horse-power enters a 
pipe of 6 inches diameter, find tlie number of cubic feet entering per second 
and the velocity in the pipe. What is its loss of energy per pound in a 
length of pipe of 3,000 feet? What is the total loss of power? Obtain 
an expression for the horse-power lost in transmission in terms of the 
total horse-power entering the pipe, the entering pressure, p, and I and d. 

(B. of E. Adv. & H., Part I., 1902.) 

19. Eight gallons of water per second flow through a 6-inch pipe in 
which there is a right-angled bend. State the speed. What is the change 
in the velocity of the water (that is, the vector change, as tliere is no 
change in mere speed) ? What is the change in the momentum of the 
water per second? What is the resultant force exerted by the water on the 
pipe at the bend, neglecting friction? (B. of E. Adv. & H., Part I., 1902.) 

20. A stream is gauged over a rectangular weir or notch, the widtli of 
the notch is 3 feet 6 inches, and the height of the still water over the edge 
of the notch is found to be 144 inches. Find how many gallons pass over 
the weir per 24 hours (the velocity ol approach may be neglected), and 
what H.P. could be obtained from turbines supplied by this stream if the 
available head is 35 feet and the mechanical efficiency oiE the turbines is 81 
per cent. (0. & G., 1900, H., Sec. C.) 

21. Compare the loss of head by sliin friction in a 3-inch pipe with that 
in a 6-inch pipe, when the velocity of flow is the same in both, and also 
when the velocity in the small pipe is so increased that it discharges as 
much water as the big pipe. (C. & G., 1900, H., Sec. C.) 

22. Water is flowing steadily at a velocity of 3 feet a second through a 
perfectly horizontal pipe 6 inches in internal diameter; if on a length of IJ 
miles there is a drop of pressure owing to friction of 25 lbs. per square inch, 
what H.P. is being wasted in friction? (C. & G., 1900, 0., Sec. A.) 

23. A large tank, in which a constant head of water is maintained, has 
a cylindrical hole in the bottom 3 inches in diameter, with sharp edges. 
How many gallons of water will escape from the tank per hour if the 
constant head is 9 feet? (C. & G., 1901, H., Sec. C.) 
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24. Obtain an expression for the loss of head, owing to surface friction, 
in a long straight pipe through which water is flowing. Hence obtain an 
expression for the probable discharge in gallons per hour from a main of 
given diameter and length, when the total head of the water in the 
reservoir above the point of discharge is known, 

(C. &G., 1901, H., Sec. C.) 

25. The quantity of condensing water used by a stationary engine is 
gauged by first allowing the water to flow into a tank supplied with baffle 
plates, in order to get rid of any agitation in the water, and then allowing 
it to flow out of the tank over a rectangular notch 6 inches wide. Esti- 
mate the discharge in pounds per minute when the head over the sill is 4 
inches. Explain why the flow may De more accurately determined by a 
V-notch than by a rectangular notch, the head over the notch being sup- 
posed subjected to variation. (C. &. G., 1902, H., Sec. C.) 

26. A horizontal water pipe, 3 feet in diameter, gradually contracts to a 
diameter of 18 inches. The difference of head, as shown by water gauges, 
between two sections of these diameters is 28 inches. Neglecting all losses, 
estimate the flow along the pipe in gallons per hour. 

(C. &G., 1902, H., Sec. G. ) 

N.B. — iSec Appendices B and C for other questions and answers. 
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Lecture IV.— A M.Inst. C.E. Exam. Questions. 

1. Explain -what irs meant by cuc-Hicionts of contraction, velocity, acd 
discharge for orifices. What are the ordinary values of these coefficienta 
for a aharp-edged orifice in a plane surface? (X.C.E., Oct., 1897.) 

2. Deduce an expression for the discharge from a rectangular notch, and 
explain why the theoretical expression requires to be modified by a co- 
efficient varying with the proportions of the notch. (I.G.E., Oct., 1897.) 

3. A weir is 30 feet long, and has 18 inches of head above the crest. 
Taking the coefficient at 0'6, find the discharge in cubic feet per second. 
State the relative advantages of notches with and without end contraction 
in the practical gauging of water. (I.C.E., Oct., 1897.) 

4. A pipe of 12 inches diameter cormects two reservoirs 5 mdes apart, 
and having a difference of level of 20 feet. Find the velocity of flow and 
discharge of the pipe, taking the coefficient of friction at any value 
known to you, or at O'Ol. Explain how the coefficient of friction for a 
pipe varies with roughness and size. (I.C.E., Oct., 1897.) 

5. Describe carefully any one method of determining the discharge of a 
river by float or current-meter observations. Show roughly by a sketch 
how the velocities are distributed in the cross-section of a rectangular 
channel. Describe any instruments used in determining the velocity, in 
the method adopted in your description. (I.C.E., Oct. , 1897.) 

6. Explain the meaning of the term hydraulic gradient of a pipe. Sup- 
pose the levels of the reservoirs and pipe at mile distances are 100, 90, 75, 




70, 40, 50, 75 and 80 feet above datum, write down the corresponding 
pressures in the pipe in feet of head. (I.C. E., Oct., 1897.) 

7. On what principle is the presence of a jet striking a plane determined? 
Find the pressure of a 3-inoh jet having a velocity of 80 feet per second 
against a wall struck normally. (I.C.E., Oct., 1S97.) 

8. A jet of water 1 inch in diameter coming from a reservoir at a height 
of 200 feet strikes a fixed hemispherical cup so that the direction of its 
motion is reversed. Find the force it exerts upon the cup, assuming that 
the jet has 90 per cent, of the full velocity due to the head. 

(I.C.E., Feb., 1898.) 

9. The miner's inch is defined as the flow through an orifice in a vertical 
plane, of 1 square inch in area, under an average head of 6^ inches. F'ind 
the water-supply per hour Avhich this represents, and give an3' reasons you 
ean for the choice of coefficients which you assume. (I.C.E., Feb., 1898.) 

10. A canal lock with vertical aides is emptied through a sluice in the 
tail-gates. Putting i2 for area of look-basin, w for area of sluice, and H 
for the lift, find an expression for the time of emptying the lock. 

(I.C.E., Feb., 1898.) 

11. A re-utiorani cylindrical mouthpiece is fixed to the vertical side cf ^ 
vessel. .Show that for such a mouthpiece the limiting value of the ooeffi- 
e'.ent of contraction is 05. {I.C.E., Feb., 1893.) 
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12. A rootanf^ular weii-, for disuhargiug daily 10 million gallons of com- 
pensation water, is arranged for a normal head over the crest of 15 inches. 
Kind the lengtli of the weir. Assume your own coelHcient, stating the kind 
of weir for which it is applicable, or take a coefficient of 0'7. 

(I.C.K., Feb., IS98.) 

13. A water-main is 4'i inches in diameter, and the velocity through it is 
to be 3 feet per second. Find the head lost in friction in feet per mile. 
Coefficient of friction 0-01. (I.C.E., i-Vfc., 1S98.) 

H. A horizontal main consists of 5,000 feet of ti-inch, 5,000 feet of D-inch, 
and 5,000 feet of 12-incli diameter. The velocity in the 6-inch is 12 feet 
per second, and the pressure lioad 50 feet at the inlet. Sketch (not to 
scale) the hydraulic gradient (a) supposing that only the skin friction is 
considered ; (6) supposing that both skin friction and the losses of head due 
to abrupt changes of section are considered. Write down the expressions 
for the several losses of head, but without calculating them numerically. 

(I.C.E., Feb., 1898.) 

1 5. Deduce a general expression for the velocity of flow in an open cliannel. 
An irrigation channel, with side slopes at 1 to 1, has a bottom width of 
100 feet and a depth of 10 feet. It discharges 3,000 cubic feet per second. 
Find tlio slope in feet per mile. (I.C.E., Feb., 1898.) 

l(i. Write down a fornuda for the discharge of pipes, and explain its 
derivation. What coetHcients would you use to calculate the discharge for 
(1) pipes coated with Dr. A. Smitli's composition, (2) riveted steel pipes, 
(.3) wooden-stave pipes. (I.C.E. , Oct., 1898.) 

17. A pipe 2 feet diameter draws water from a reservoir at a level of 550 
feet above the datum ; it falls for a certain distance and again rises to a 
le\'el of 500 feet, 5 miles from its starting point ; it then falls to a reservoir 
at a level of 400 feet 1 mile away. Calculate the rate of delivery into the 
lower reservoir. (I.C.E., OfC, 1898.) 

18. Describe one form of current meter, and state how you would proceed 
to gautje a river 100 feet wide and 20 feet deep witli it. (I.C. E., Oct., 1898. ) 

19. Give an expression for the loss of head in a pipe owing to a sudden 
enlargement of section. (I.C.E., Oct., 1898.) 

20. Describe the hydraulic ram, and give a formula for its delivery at 
a height h feet above it, the supply being Q cubic feet per second coming 
from a height of H feet. (I.C.E., Oct., 1898.) 

21. State Bernoulli's theorem, and explain what form of motors could be 
used to utilise each of the forms in which energy exists in flowing water. 

(I.C.E., Oct., 1898.) 

22. Give a formula for the discharge of drowned orifices. What advan 
tages do they offer for gauging purposes? (I.C.E. , Oct., 1898.) 

2;i. A pipe tapers to one-tenth its original area, and then widens out 
5gain to its former size. Calculate the reduction of pressure, at the neck, 
of the water flowing through it, in terms of the area of the pipe and the 
velocity of the water. Why is this rednotion of pressure a gauge of the 
discharge? (I.C.E., Oct., 1898.) 

24. Sketch a liook gauge for measuring a varying water-level, and state 
how you would fix it for use. (I.C.E., Feb., 1899.) 

25. Water flows from a pond over a weir 10 feet long, to a depth of 10 
inches ; it then flows along a level rectangular channel 8 feet broad, and 
over a second weir the width of the channel, its crest being 1 foot above 
the bottom. Find the depth of the water over the 8-foot weir. 

(I.C.E., Feb., 1899) 

26. A rectangular chamber 120 feet square contains 15 feet depth of 
water, which is allowed to flow out through a vertical rectangular orifice 
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2 feet by 1 toot, the top of which is level with the floor of the reservoir 
and the tail- water. Calculate the time it will take to empt3'. 

(I.C.E., Feb., 1899.) 

27. How would you proceed to gauge accurately, by means of floats, the 
flow of a stream of uniform section 20 feet wide and 5 feet deep ? Describe 
the floats j'ou would use, and state how you would deduce the result from 
the experimental data. (I.C.E., Fth., 1899.) 

28. Calculate what depth of water should flow in a pipe of circular bore 
to give a maximum discharge, the surface slope being con.?tant. 

(I.C.E., Feb., 1899.) 

29. (a) Explain by sketches the phenomenon of contraction in the case of 
a weir with vertical face and ends and with a sharp edge such as is 
commonly employed for measuring the discharge of water, and illustrate 
in reference to the same sketches the meaning of the terms "coefficient of 
contraction" and "coefficient of discharge." (6) What is approximately 
the coefficient of discharge where the weir is 10 feet long and the water 
1 foot deep ? Would this coefficient be afiected by reducing the length of 
the weir to 1 foot while maintaining the same depth of water, and if so, in 
what manner 1 (1. C. E. , Oct. , 1899. ) 

30. Explain and illustrate by reference to a stream of rectangular section, 
12 feet wide and 3 feet deep, the term " hydraulic mean depth," and state 
in what manner and approximately to what extent the mean velocity of the 
stream would be affected by widening it to 24 feet, assuming the depth and 
inclination to remain the same. (I. C.E., Oct., 1899.) 

31. In the same stream as above (12 feet wide and 3 feet deep), in what 
manner and to what extent would the mean velocity be affected by 
changing the inclination from 1 per 1,000 to 4 per 1,0U0, assuming the 
depth to remain the same ? (I.C.E.. Oct., 1899.) 

32. Sketch a practical form of hj'draulic ram for raising automatically to 
a considerable height a portion of any volume of water derived from a 
lesser height, and explain the points upon which satisfactory working 
depends. (I.C.E., Oct., 1899.) 

33. A certain tank A overflows with the discharge from a 12-inch pipe 
fed by a tank B 10 miles distant and 90 feet above A. The discharge is 
900,000 gallons a day. Another 12-inch pipe, 5 miles long, is subsequently 
joined to the middle distance of the 10-mile length and discharges into a 
third tank C having its overflow at the same level as A. State approxi- 
mately the discharge per day into A and C under the new conditions. 

(I.C.E., Oct., 1899.) 

34. A stream of water of uniform rectangular section. 1 2 feet wide and 

3 feet deep, has a surface inclination of 1 foot per 5,280 feet. Assuming 
the channel to be of rough masonry making the coefficient of friction '007, 
what would be the mean velocity in feet per second and the discharge in 
cubic feet per second ? (I.C.E., Oct., 1899.) 

35. A large cistern is divided vertically by a partition into two compart- 
ments A and B. In the partition is a square orifice. Water is maintained 
at a constant level, in compartment A, of IJ feet, and in compartment B 
of 1 foot, above the centre of the orifice, and the discharge from A to B 
through the orifice proves to be at the rate of 0'2 cubic foot per second. 
(a) Assuming the same orifice to be 6 inches lower and the water-levels 
and all other things to be unchanged, what now will be the discharge 
through the orifice from A to B? (b) State approximately in decimals 
of a foot the depth and width of the orifice, assuming it to be cut square 
in a thin plate, (c) Would the discharge of the orifice be afi'ected by 
making its width three times as great and its depth one-third as great ? 
If so, ho w and why ? (I. C. E . , Feb. , 1 900. ) 
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36. Assuming that in the following pairs, A and B, of strai£,'ht streams 
the roughness of the sides is moderate and uniform, state in the simplest 
way possible whether No. 1 or No. 2 would discharge more water, and by 
how much per cent. 







No. 1. 


No. 2. 


Length, 




1 mile. 


1 mile 


Fall, .... 




4 feet. 


6 feet. 


Top width. 




70 „ 


50 „ 


Bottom width, . 




70 „ 


50 „ 


Depth, 


B. 


10 ,, 


10 „ 


Length, 




1 mile. 


1 mile. 


Fall, .... 




4 feet. 


4 feet. 


Top width, 




70 „ 


60 „ 


Bottom width, . 




50 ,, 


60 „ 


Depth, 




11 ,. 


10 „ 



If in B the coefficient of friction were 0-007, what would be the mean 
velocity? (I.C.E., i^e6., 1900.) 

37. Draw approximately to a scale of 1 inch to the foot and foot-second 
a diagram of depths and corresponding velocities parallel to the axis, and 
extending from the bottom to the free surface, in the centre line of a river 
10 feet deep, when the mean of such velocities is 5 feet per second ; and 
explain the causes of variation of velocity from the bottom upwards, with 
special reference to the velocity at the free surface. (LC.E., Feb., 1900.) 

.38. A straight thin cylindrical tube, 0'25 foot internal diameter, is fixed 
horizontally through the vertical side of a cistern, its outer end being 
flush with the outside thereof. The inner end is cut square and projects 
into the cistern as far as is consistent with allowing a jet of water issuing 
through it from the cistern to contract freely in air without striking the 
interior of the tube, (a) Assuming the level of the water in the cistern 
to be 2 feet above the centre of the tube, sketch such an arrangement in 
outline approximately to a scale of 3 inches to 1 foot, showing the figure 
of the jet, and figuring the principal dimensions. (6) What is the distance 
from the cistern to an ideal vertical plane which the centre line of the jet 
would cross at a level of 1 foot below the level of water in the cistern ? 

(LC.E., Feb., 1900.) 

39. Describe shortly, with sketches approximately to scale, the different 
classes of instruments used for measuring the velocity of open streams of 
water, explaining the circumstances under which each is to be preferred. 

(LC.E., Feb., 1900.) 

40. A jet of water having a sectional area of 12 square inches and a 
velocity of 16 feet per second impinges normally on a plane surface. Find 
the amount of work per second necessary to maintain the jet and determine 
the pressure on the plane, (a.) when it is fixed, and (6) when it is moving 
in the direction of the jet at 6 feet per second. (LC.E., Oct., 1900.) 

41. What is the connection between the velocity and pressure at differ- 
ent parts of a smooth horizontal pipe of varying diameter and which is 
running full of water, all resistance being neglected ? If the pressure 
where the diameter is 2 inches is 500 lbs. per square inch and velocity 
4 feet per second, what will be the pressure where the diameter is 1 inch ? 

(LC.E., Oct., 1900.) 
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42. In a pipe 2 inches inside diameter and tarred inside, water, starting 
at 700 lbs. per square inch, flows at the rate of 2J feet per second. What 
is the horse-power transmitted at the beginning of the pipe, and what per- 
centage of this is lost on friction and viscosity per 100 feet length of pipe ? 

(I.C.E., Oct., I'JOO.) 

43. If the same horse-power with the same initial pressureas in (42) were 
transmitted through a 1-^-inch pipe, how much would this percentage loss 
on friction be increased, and what would be the saving in weight of nietal 
pipe per 100 feet length? Make a rough allowance for weight of joint 
flanges in this comparison. (I.C.E., Oct., 1900.) 

44. Explain, without mathematical symbolism, the difference between the 
water-resistances to the progress of a vessel through open deep water and 
through a canal. (I.C.E., Oct., 1900.) 

45. Calculate the percentage loss of H.P. per 1,000 yards in liydraulic 
transmission through clean cast-iron pipes 4^ inches in diameter, with 
water velocities 2 feet, 3 feet, and 4 feet per second, and with pressures 
200 lbs., 700 lbs., and 1,200 lbs. per square mch, that is, in all 9 per- 
centage losses, and represent your calculated results by curves drawn on 
squared paper. (I.C.E., I'eb., 1901.) 

40. A measuring weir is constructed with a 90° angular notch, the edges 
being bevelled to 45° on the outside to a nearly sharp edge. Give the 
formula you think best for the discharge over such a weir, and apply it to 
calculate the discharge in gallons per minute when the water depth above 
the apex of the angular notch is 9 '36 inches and the water level 5 feet 
back from the weir is found to be 0'93 inch above that of the weir. 

(I.C.E., Feb., 1901.) 

47. Define "hydraulic mean depth" and calculate its amount for a pipe 
4 feet in diameter flowing full, the same pipe half-full, and for a channel 4 
feet bottom width, side slopes 2 to 1, and a depth of water 4 feet. Also, find 
the rate of flow in the pipe when full, and in the channel. The hydraulic 
gradient in the former case, and the slope in the latter case being 1 in 3,000, 
assuming an approximate value for the coefficient. (I.C.E., Oct., 1901.) 

48. Develop a formula for the flow over a rectangular notch ; if the 
velocity of approach is appreciable, how may it be allowed for in the 
calculation? (I.C.E., Oct., 1901.) 

49. Explain how the velocity at different points in the cross section of a 
river varies, and show how this variation is inconsistent with stream-line 
motion. (I.C.E., Oct., 1901.) 

.50. A circular orifice in the bottom of a tank is 0'385 inch diameter, and 
the mean head of water over the orifice is 22 inches. Calculate the 
theoretical flow of the water through the orifice, assuming the velocity to 
be due to the "head" only. What would be the energy of one pound of 
this water? (I.C.B., Feb., 1902.) 

51. Water flows through a straight pipe 4 feet in diameter and 100 feet 
long. The upper end is J<j feet higher than the lower end. At the middle 
of its length there is a Cijnical contraction in the pipe, after which it is 
again enlarged to its original diameter. The velocity of tire water through 
the full-sized section is 5 feet per second. Find what the diameter of the 
contracted section must be for. the pressure there to be 10 lbs. per square 
inch less than at the upper end, neglecting friction. (I.C.E. , Feb., 1902. ) 

52. Give a formula for the resistance to the flow of water (1) in a smooth 
tube where the water moves with low velocities ; (2) in a pipe where the 
water flows at high velocities. Find the loss of head due to friction in 
water flowing through a pipe 2 feet in diameter, 1 mile long, at 5 feet per 
second. (I.C.E., Feb., 1902.) 
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53. Find the quantity of water which will flow through a notch 9 feet 
long, the head of water over the sill being 10 inches, and the area of the 
approach channel being 30 square feet. (I.C. E., Feb., 1902.) 

54. Describe one form of current meter, and explain how it could be used 
to ascertain the discharge of a river 50 feet wide. (I.C.E., Feb., 1902.) 

55. Find an expression for the pressure on a plate due to the impact of a 
jet of water. What difference would result if the plate were replaced by 
a hemispherical bowl ? Water is flowing through a pipe 80 feet long at the 
rate of 50 feet per second, and is stopped by a valve being closed in ^^th of 
a second. What is the increase in pressure near the valve, the pipe being 
supposed rigid and with no elasticity? (I.C.E., Oct., 1902.) 

56. State and prove "Bernoulli's Theorem" relating to the steady motion 
of incompressible fluids, and apply it to find the discharge through a 
Venturi water-meter. (I.C.E., Oct., 1902.) 

57. Estimate the discharge of a clean cast-iron pipe 15 inches in internal 
diameter, 2 miles long, under a total head of lOU feet. Give reasons for 
the selection of the formula you use, and state what you neglect in your 
calculations. (I.C.E., Oct., 1902.) 

58. Obtain an expression for the loss of head due to a sudden enlargement 
in a pipe, and calculate the loss in the case of a pipe 2 inches in internal 
diameter suddenly enlarged to 4 inches, the discharge being 5000 gallons 
per hour. (I.C.E., Oct., 1902.) 

59. Show that, for a rectangular notch, a formula of the form 

3 

Q = a(L-6A)ft' can be made to represent the discharge at varying 

3 

heights more correctly than a formula of the form Q = cLA^. 

(I.C.E., Oct., 1902.) 

60. A jet of water, velocity 24 feet per second, diameter 3 inches, strikes 
a plane normally. Find, approximately, the total pressure on the plane 
and the maximum pressure, and show by a curve the approximate distri- 
bution of pressure. (I.C.E., Oct., 1902.) 

61. Show, by sketches relating to any case you may select, how the 
felocity varies at different points in the cross-section of a stream. 

(I.C.E., Oct., 1902.) 

62. Describe and discuss (a) a rough method, (6) a more accurate method, 
of estimating the discharge of a stream. (I.C.E., Oct., 1902.) 

63. Water issues from the nozzle of a fire-engine, IJ inch diameter, in a 
jet which rises to a height of 100 feet. Neglecting the contraction of the 
jet, find the reaction on the machine due to the jet. (I.C.E., Feb., 1903.) 

64. A horizontal tube is tapered slowly from a diameter of 15 inches to a 
diameter of 6 inches. Neglecting friction, calculate the difference in the 
pressures in pounds per square inch at the two sections when the discharge 
is 60,000 gallons per hour. (I.OE., Feb., 1903.) 

65. In the formula v = c J mi for the mean velocity in streams and 
channels, explain how the value of c is affected by the roughness of the 
sides and bottom, the slope, and the hydraulic mean depth. Selecting a 
suitable value of c, find the discharge in cubic feet per second of a rect- 
angular rough masonry channel 5 feet wide, when the depth of the water 
is 2 feet and the slope is 1 in 2.50. (I.C.E., Feb., 1903.) 

66. What are the advantages and disadvantages attending the use of 
the V-gauge notch, and for what purpose is it specially suitable? The 
still-water surface-level is at a height of 15'5 inches above the bottom 
of a right-angled V-gauge notch. Calculate the discharge in cubic 
feet per second, taking 0'60 as the coefficient of discharge. 

(I.C.E., Feb., 1903.) 
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67. Sketch carefully a form of current meter. Explain exactly how you 
would employ it, and from its indications obtain the mean velocity of a 
river. (LCE., Feb., 1903.) 

68. At a point in a clean liydraulio supply main, .S inches in diameter, the 
velocity is 10 feet per second, and the pressure is 750 lbs. per square inch ; 
find the percentage loss of pressure per 1,000 5'ards, and calculate the 
power conveyed by the main at the point. (I.C'.E., Feb., 190.3.) 

69. Give a brief account of Reynolds' experiments on tlie flow of water 
through pipes and the results obtained from them. (I.C.E., Feb., 1903.) 

70. Describe and explain the action of a hydraulic ram, noting the chief 
points which must be attended to in its design and erection. 

(I.C.E., Feb., 1903.) 

N.B. — See Appendices B and G for other questions and ansirers. 
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LECTURE y 



WATER-WHEELS AND TURBINES. 



Contents. — Hydraulic Motors — Overshot Water- wheel — Breast- wheels - 
Undershot Water-wheel — Fairbairn's Improvements — Clack Mill — 
Pelton Wheel — Turbines — Girard Turbine— .Jon val Turbine — Uiinther'a 
Governor — Thomson's Vortex Turbine — LittleGiant Turbine — Hercules 
Mixed-Flow Turbine— Centrifugal Pumps and Fans — Notes on this 
Lecture — Questions. 

Hydraulic Motors.* — In conneotion with hydro-statics we have 
already described some machines for obtaining motion by hydranlic 




Tail Race 

Overshot Water-wtiekl. 



means, but in all these cases the water acts solely by its pressure 

* Students should refer to Hydraulic Motors by G. R. Bodmer (London, 
Whittaker & Co.), and to Hydraulic Machinery by R. Gordon Blaine 
(London, E. & F. N. Spon, Limited) for further information on the design 
of water-wheels and turbiuea. 
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We now come to the consideration of other water motors in which 
the weight and momentum of the water are also employed. These 
may be divided roughly into two classes— Water-wheels, in which 
the water acts for the most part directly by its weight ; and turbines, 
in which it acts by its momentum. We cannot, however, draw a 
very sharp line be- 



tween them, as they 
gradually merge into 
one another, and the 
power of both ulti- 
mately depends on 
gravity. 

Overshot Water- 
wheel. — This con- 
sists of a wooden or 
iron frame to which is 
fixed a number of 
blades, so as to form 
with the inner cir- 
cumference a series 




of buciets for holding 
water. The water is 
led along an aque- 
duct termed the head 
race to the top of the 
wheel, and there 
enters the buckets. 
1 ts weight forces 
them downwards and 
thus makes the wheel 
revolve. As each 
bucket in turn ap- 
proaches its lowest 
position the water 
gradually drops out 
of it into the tail 
race. The motion of 
the water as it enters 
the wheel also assists 

to some extent in producing rotation. The buckets are so shaped 
and fixed to the wheel, that as little as possible of the available 
power shall be lost by the water spilling from them before they 
reach the tail race. The sectional view shows one form of bucket 
for this purpose whilst the outside view shows another with curved 
blades. One disadvantage of this wheel is, that the water leaves 
4 ii 



OvEESHOT Water-wheel bt Messrs. 

WhiTMOKE & BiNTON. 
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it with a velocity opposite ia direction to that of the tail race, 
if this flows the same way as the head race. The water there- 
fore does not get away so freely from the tail race, and more 
clearance is necessary at the bottom of the wheel which thereby 
involves a loss of head. 

Breast-wheels. — This last consideration, coupled with the diffi- 
culty of supporting the head race for large overshot wheels, has 
brought about the introduction of breast-wheels, in which the 
water is introduced between the top and middle of the wheel as 
shown by the next illustration. The breast- wheel is also frequently 
made with curved blades into which the water drops almost 
vertically, and then acts chiefly by its weight. The motion of the 







Faibeairn's Bkeasi-wheel. 



wheel in this case assists the escape of the tail water instead of 
hindering it as in the previous one. The curved ventilated form 
of bucket with closed breast, as shown in the above figure, was 
first introduced by Sir William Pairbairn and greatly increased 
the efficiency of the motor. But, for small wheels, such as are 
used for farms, where first cost is more important than efficiency, 
hey are usually made radial as shown by the following figure. 

Here, the water is allowed to attain a certain amount of motion 
before reaching the wheel, and therefore acts partly by momentum 
and partly by its weight. The buckets have no ends, but the 
wooden breast serves to keep the water from escaping by the sides 
and circumference of the wheel before it reaches the bottom. 
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Bveast-wheels into which the water enters near the top are called 
high breast-wheels. 




Breast- WHEEL with Radial Blades as Used in Countky Farms. 

Undershot Water-wheel. — The breast-wheel just described forma 
a connecting link between water-wheels proper and turbines, to 




:^^^%is 4^ 



Undershot Water-wheel. 

which latter class undershot wheels really belong. With an under- 
shot wheel the whole energy of the water is allowed to become kinetic 
and then it acts on the blades solely by its momentum. Here, 
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asain, radial blades are common, but they are very inefficient on 
account of the large loss due to the eddies which are caused by the 
impact of the water upon them, and from the kinetic energy which 
the water still possesses on leaving the wheel. 

In order that the water may be applied without shock and to 
avoid the formation of eddies, the tips of the blades should be so 
inclined as to be parallel to the motion of the water relatively to 
the wheel at its point of entering. To find this direction, draw A B 
to represent the velocity of the water as it leaves the head race, and 
A C the circumferential velocity of the wheel at the point where 

the water enters it. Then, by com- 
pleting the triangle A B we find 
C B the direction of the tip of the 
blade at A. The blade is curved 
upwards, and the position where 
the water leaves it is at the same 
level as where it enters, in order that 
Angle of Blade. the water may drop out with as 

little kinetic energy as possible. 

Fairbairn's Improvements In the illustration of Fairbairn's 

breast- wheel, we have shown the regulating sluice S connected by 
a curved rack and pinion to the worm gear which is turned by a 
hand-wheel, until the sluice admits the desired quantity of water 
to develop the necessary power. In the case of large wheels which 
have to drive textile or other machinery requiring great uniformity 
of speed, this worm gear is connected to a ball governor which 
automatically adjusts the position of the regulating sluice, to suit 
the different demands of the works. 

In addition to other improvements effected by Fairbairn, we 
may mention, that instead of driving from a spur-wheel keyed to 
the water-wheel shaft, he bolted a segmental annular toothed wheel 
directly to one of its outer sides or flanges and geared it with a 
pinion as shown at P. He thus diminished the distance between 
the y)lummer block bearings of the water-wheel shaft, relieved its 
radial arms from conveying the driving stresses, and at once 
obtained the necessary speed without intermediate gearing. The 
importance of this improvement was so self-evident to mill-owners, 
tliat many large wheels which had previously given considerable 
trouble and shown signs of distress, were fitted with Fairbairn's 
drive, and are working to the present day at full power with perfect 
regularity and freedom from breakdowns. 

We may here summarise Fairbairn's improvements in water- 
wheels, viz. : — (1) The use of iron instead of wood in their con- 
Btruction, thus lighteuing and at the same time strengthening the 
various parts. 
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(2) The adoption of curved ventilated iron buckets instead of 
straight wooden ones, to prevent eddies and thus obtain a greater 
efficiency from the head and body of water. 

(3) The introduction of a closed breast to prevent the escape 
of the water during its turning of the wheel. 

(4) Driving directly from the sides and periphery of the water- 
wheel in order to minimise the stresses in the arms, reduce the 
distance between the bearings, and at once obtain the desired 
speed. 

The Clack Mill. — One of the oldest forms of water-wheels, and 
one which belongs to the same class as the undershot wheel, i« 




The Old Clack Mill. 

that known as the "clack mill." It is supposed to be of 
Norwegian origin, and was certainly introduced therefrom into 
the Orkney and Shetland Islands several hundred years ago. 
Our illustration is reduced from a sketch made by Mr. Sellar in 
1898 of the only remaining working clack mill in Orkney, at 
the farm of Millbrig, in the parish of Birsay. The owner, Mr. 
Folster, says that it has been handed down to him from generation 
to generation for more than two hundred years. 
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The water under a head of 10 feet enters by the left-hand 
aperture and leaves by the righUiand one. During its passage 
the water impinges upon the further side of the wooden radial 
arms which are fixed to the vertical iron shaft. The lower end ot 
this shaft rests in a conical footstep, whilst the upper end carries 
the revolving millstone, and is steadied by a bearing immediately 
beneath the lower or fixed stone. The corn to be ground is ted 
into a "head" or "harp" H, and as the upper stone revolves the 
projecting wooden pin P, strikes the radial arm A connected to 
the lower end of H. This shoggles a portion of the grain into the 
central opening at each revolution. In doing so, a clacking noise 
is made by this pin striking the outstanding arm, which has given 
rise to the local term of " clack mill." The grain is carried down 
by gravity and finds its way into groves between the two stones 
where it is ground into rough meal. This compound of meal and 
husk dribbles from the shoot S into a wooden bin, from which it 
is removed, and separated by shaking and blowing, or by another 
machine, for future use in the shape of porridge or oat-cake. 

Pelton Wheel.* — The previous examples naturally lead us to the 
consideration of the Pelton wheel, which is very often used tor 




Pelton Watek-whbel by Messrs. W, Gunthbb & Sons, Oldham. 



great pressures and high falls. As will readily be understood 
from a consideration of the aooompaaying figure, this form of 
water-wheel consists of a plain disc mounted upon a central shaft, 
and carrying a number of curved buckets fixed at equal distances 
around its periphery. A conical nozzle attached to the supply 
pipe is so fixed as to direct a jet of water upon each of these 
buckets in turn and thus drive the wheel at a high speed. The 
* See Notes on this water motor at end of this Lecture. 
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buckets have a central division, and as they curve outward towards 
each side, the jet is thereby deflected in two portions and then 
backwards. With properly designed buckets, and when the 
circumferential velocity of the wheel is half that of the jet, the 
water will simply leave the buckets with little or no remaining 
kinetic energy, and hence the eiEciency of such a wheel may be 
very great. Pelton wheels are used for falls having a head of 
from 30 to 2,000 feet, or for corresponding pressures derived from 
water-pumps and city hydraulic power mains. They are some- 
times made with several nozzles, each being fitted with a stop- valve, 
80 that the power can be varied by shutting off the water from one 
or more of them. When there is only one jet, the power can be 
varied without a change of efiiciency by simply unscrewing the 
nozzle and putting on another of a different size. If the power is 
varied by partially closing the stop valve, we lose a large amount 
of energy in friction at the valve, and the eificiency is thereby con- 
siderably reduced. 

We may find the efficiency of a Pelton wheel, on the assumption 
that there are no eddies or friction, as follows : — 

Let V = The velocity of the water as it issues from the nozzle. 
„ V = „ „ vane. 

Then, V — « is the relative velocity of water on vane, which is 
not changed as it moves around the vane. Therefore, the final 
velocity of the water is i) — (V - v) or 2v — V, which may be 
either positive or negative. Now, by the principle of conservation 
of energy, the initial energy of the water is equal to that spent on 
the vane + the final energy. Therefore, the efficiency of the 
wheel is : — 

Power got out Initial kin etic energy - final kinetic energy 
~ Power put in ~ Initial kinetic energy 

V2_(2.»-y)2 4t>(V - v) 

This is evidently greatest, and equal to unity, when 2v - V is 
zero, or V = 2 ?;, since (2 » - Y)^ can never be negative. That is, 
for maximum efficiency the speed of the wheel should be half that 
of the water, and when it runs either quicker or slower than this 
the efficiency will be less. For example, if the speed of the jet is 
100 feet per second and the vanes travel 20 feet per second, 
the theoretical maximum efficiency is : — 



1 = 



4 X 20(100 - 20) .,, R. „„„„,„+ 
^ — -^ — -' = 0-64 or 64 per cent 



100 X 100 
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The above are ideal cases in which the water is directed back- 
ward by the vane parallel to its original direction. In practice, 
the Pelton vanes do not quite do this, but are slightly divergent, 
as shown, in order that the water may clear the following vane. 



J/>l>>>^^t^f > . > :j :j^ 



Vanes for Pelton Wheei.. * 

The final velocity of the water is easily found by the parallelogram 
of velocities, thus — Draw A B the velocity of the water and A C 
that of the vane. Then, A D is the final velocity of the water, 
and the kinetic energy carried away is proportional to A D^. 

We have seen, in the preceding Lecture, that when the ideal vane 
is stationary, the pressure on it is four times the statical pressure 
on the area of the jet. At maximum efficiency, when the relative 
velocity of the water and vane is half what it is when the vane 
is stationary, the force on the vane is equal to this statical pressure, 
because the impact varies as the square of the relative velocity. 
Or, 

Water striking vane per second = — d (V - v) Ihs. 



Changeof velocity produced by vane = 2(V - v). 

w 
Momentum imparted per second = — a (V - v) x 2 (V - v). 

Or, Force of jet on vane . . . . = {Y — v).^ 

And, when, v=^Y = ^j2gh, 

Then, F = ?^^ (i Jljlij^ ^walu 

Hence, in this case, the power expended on the vane is 
F X i 1). But, the total power of the jet is F x ti, or twice as 
much. This would make the efficiency to be one half, but we 
have proved it to be unity. Where is the discrepancy ? 

Suppose a single vane to move away indefinitely in a straight 
line in the direction of the jet, it will be seer that there is an 
ever -increasing quantity of water flying through the air after the 
* See Notes at end of this Lecture. 
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vane. This rej^resents an ever-inoieasing debt of uncollected 
kinetic energy, so that only half the water issuing per second 
strikes the vane in the same time. 

But now, let E be the initial position of the vane (see previous 
figure), and E P the distance it travels in one second. When it 
has arrived at F, let another vane be suddenly interposed at E. 
There is now a rod of water between E and E running twice as 
fast as the vanes, and the last particle of this water will only 
overtake F when it arrives at G and the second vane at E. A 
third vane is now interposed at E and the process repeated. 

This is what happens in the Pelton and other impact wheels, 
such as the Laval steam turbine. The fluid strikes two vanes at 
once, one behind the other ; a statement hard to believe unless 
approached by the above argument. 

Turbines. — These form a type of water motor which occupy 
much less space, are more efficient, more easily governed, suit a 
greater range of fall, and generally run at a greater speed than 
ordinary water-wheels. They are classified in several different 
ways according to the manner in which their special properties are 
considered. We shall first of all divide them into four classes, 
viz. — (1) inward flow; (2) outward flow; (3) parallel (or axial) 
flow ; and (4) mixed flow turbines. In the first two kinds, the 
water either flows inwards from the outer circumference as in 
the Thomson turbine, or outwards from the inner circumference as 
in one type of the Girard. In the third class, it flows parallel to 
the axis, entering at one side of the wheel and leaving at the other 
as in the Jonval. The fourth type has both radial and axial flow, 
and thewater usually enters at the circumference and leaves at one 
or both sides parallel to the axis. 

In the second place, we find all of the previous types divided 
into what are termed drowned and ventilated turbines. The former 
are designed to run quite full of water and may be submerged in 
the tail race, or used with a suction pipe ; whilst the latter have 
ducts to admit air at atmospheric pressure into the wheel, and, 
consequently, cannot be submerged or used with such a pipe. The 
energy of the water entering the drowned type is partially 
potential and partially kinetic, whilst it is wholly kinetic before it 
eaters a ventilated turbine. Hence, these two kinds of motors are 
sometimes respectively called reaction and imjoulse turbines. 

The purpose of a suction pipe is to allow the turbine to be placed 
some distance above the tail race without losing the corresponding 
head. This suction pipe is merely an air-tight conduit to cany 
away the used water and must have its lower end below the surface 
ot the tail race ; moreover, it must not exceed 20 feet or thereby 
in vertical height from the turbine to the tail race ; otherwise 
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the water column supported by the pressure of the atmosphere will 
be broken by the introduction of air into the exhaust coaduit. 

A disadvantage of most turbines of the " drowned " type is, that 
in regulating its speed and power we cannot gradually cut off the 
water without a considerable drop in efficiency. We can, however, 
do so in several steps when divisions are placed in the wheel for 
this purpose. This is because the guide passages to the wheel 
must always be quite full of water, which would not be the case if 
the opening to any particular guide port was only partially closed. 
Girard Turbine. — This wheel is named after the French engineer 

M. Girard, who in 1856 first 
designed the ventilated and 
impulse turbine. It can be 
made with either a vertical 
or horizontal axis and for 
both axial and outward flow. 
The former is used for low 
falls of from 6 feet and up- 
wards, and the latter for 
high falls up to 1,000 feet. 

By referring to the two 
accompanying figures, which 
represent radial and circum- 
ferential sections of this 
turbine, it will be seen that 

Radial Section. GIjnther's Axial ^^<^ S<^^o for controlling the 
Flow Gibakd Tubeine. water supply is placed above 

the guide ports A, C, through 
which the water passes and issues with full velocity due to its 





Circumferential Section. GiJtjthbr's Axial Flow 
Girard Turbine. 
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bead It then glides along the concave surfaces of the wheel 
buckets B, but does not quite fill them. The inclination of the 
upper edges of the buckets is obtained in the manner explained 
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for undershot wheels, while that of the lower edges is made as 
small as possible in order that the water may not leave the vanes 
with much kinetic energy. To allow of this inclination being 
smaller than would otherwise be the case, the sides of the wheel 
are splayed outwards as shown by the radial section in order 
that the water may spread and not foul the convex surface of 
the next blade. The path of the water relatively to the moving 
wheel is shown at B, whereas, the dotted lines through D show 
the actual motion of the stream as seen from a fixed point. 
The ventilating holes are clearly shown in both views. These 




GtiNTHER'S GiRAKD TUECINE 

FOE Low Falls. 



Gunther's Gikakd Tdbbine for 
High Falls. 



admit air to the wheel and prevent the formation of eddies in the 
empty parts. 

The above left-hand illustration is that of a complete turbine, 
and the two full-page illustrations show how they are fixed in 
position ready for work. The second of these also indicates how 
the governor is attached. 

When used for high falls the water is only admitted to a few 
of the buckets at a time. It is then usually made with outward 
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flow, and mounted on a horizontal axis as illustrated by the sec- 
tional drawing facing this and the right-hand figure on the previous 
page. The pipe for admitting the water and the hand gear for 
adjusting the flow are clearly visible, whilst a grooved pulley for 
rope driving is placed on the right. This type of turbine gives a 
high efiiciency at medium as well as at full load. 

Jonval Turbine.— This turbine is of the parallel or axial flow 
type and is designed to be always kept full of water. The 
accompanying figures give radial 
and circumferential sections, hav- 
ing the same lettering as the 
corresponding figures for the 
Girard turbine. It is usually em- 
ployed for low and medium falls 
of from 2 to 40 feet, and can run 
equally well when completely sub- 
merged or when connected to a 
suction pipe. The adjustment of 
the water supply is efiected by 
means of a slide or slides which 
close the guide passages one after 
another. A turbine of this type 
has the greatest efficiency when all 
its passages are full of water, and consequently the size of the 
wheel depends on the quantity of water to be passed in a given 




Eadial Section. GOntheb's 
Jonval Txibbine. 




ClRCUMJfEBENTIAL EJECTION. GuNTUEr'S JoNVAL TuKEISE. 

time. The reason why this class of turbine is not used for small 
power with high falls is, that very little water would be required, 
and, therefore, the dimensions of the wheel would be very small 
— perhaps impracticably small — whilst the speed of rotation 
would be very great. With the Girard type on the other hand, 
the eflficiency is not reduced by having only one or two of the 
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bucket, in use at one time. We can, therefore, employ as large 
a wheel as we like, and only use the requisite number ot buckets 
for the required power. This enables us to get a slower speed ot 
rotation which is usually desirable. The Girard type, however, 
cannot work with a suction tube, and only works well when 
clear of the tail water. An inch or two of fall, must, therefore, 
be sacrificed, and this reduces the efficiency with low falls. 

Gunther's Turbine Governor. — For many purposes the motion of 
a turbine is so regular that no automatic control is required, but 
for some classes of machinery a self-acting governor is desirable. 
The accompanying figure shows the one made by Messrs. Gunther 
& Sons, of Oldham, for this purpose. It consists of an ordinary 







GDiNther's Turbine Governok. * 



Watt governor (see Volume V.) which can shift a belt from 
a loose pulley to either of two fast pulleys connected by bevel 
gearing to the pillar for adjusting the turbine. At the normal 
speed the belt is on the loose pulley, but any change of speed 
causes the belt to be shifted and the vertical shatt is turned more 
or less in one way or the other according to the required quan- 
tity of water. The governor is driven from a belt on the turbine, 
or by some shaft Irom it, and can be disconnected from the 
hand gear by merely freeing a clutch. 

* See Notes at end of this Lecture. 
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Thomson's Vortex Turbine. — Imagine a wheel placed with its axis 
coinciding with that of the free vortex already considered in the 




Vortex Tukbine by Messes. Gilbert Gilkes & Co., Ltd., Kendal. 

preceding lecture. This wheel will be carried round by the vortex, 

and if we arrange matters so that the water passes through the 

4 12 
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■wlieel f;ivin£;-up its energy to it while fresh water takes its place, we 
have the essentials of Professor James Thomson's vortex turbine. 

As will be seen from the foregoing illustrations, there are 
only four guides in the vortex, and by altering the inclination of 
these, we can adjust the radial component of the motion of th-e 
water and the amount of water flowing through the turbine. 
In the first figure the turbine is represented with its cover removed, 
and in the second with its case complete. A is the revolving 
wheel keyed to the shaft 0. B is one of the guide blades connected 
by the bell cranks and shafts D to the outside rods E, which can be 
adjusted by a screw or by a governor. The shaft runs on a lignum 
vitae pivot which is lubricated by the water. 




Section of Wheel of Vortex TuRBtNE. 



On account of the constrained motion of the water inside the 
wheel it requires a large number of guides. For the purpose of 
reducing the friction and to lessen the loss of area due to the 




SiNfu.E AND Double Vortex Wheels. 

thickness of the guides, it will be seen from tlie above section that 
every second guide is only half the length of its neighbouring one. 
The wheel is made either single or double, lu the latter case, it 
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has the same efficiency at half gate as at full gate, but being of the 
inward flow "drowned" type it will have a lower efficiency at 
other loads. Our next figure illustrates one of these turbines as 
fixed in position. 

One great advantage of an inward flow turbine is that, to a 
certain extent, it is self-governing. When its velocity increases, 
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Single Voktex Turbine by Gilbert Gilkes & Co., Ltd , Kendal. 

BO also does the centrifugal force which opposes and consequently 
reduces the inflow of the water ; whilst the opposite action takes 
place when the turbine is being reduced below its normal speed. 

Little Giant Turbine. — We now come to the fourth or mixed 
flow type of turbine, and as an example we have chosen the "Little 
Giant" turbine. As may be seen from the illustrations the water 
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enters at the circumference and passes out at the top and bottom 
and there is a sluice for regulatiug the supply. The passage has 
a division so that water can be entirely shut off from the upper 
half of the wheel. 

The same firm also makes a special " flume" turbine — i.e., one 
which is placed directly in the water in the same way as the 




Little Giant Tuebinb 
BY S. Howes, London. 



Wheel for Little Giant 
Si'ECiAL Flume Turbine. 



single vortex turbine shown on the previous page. The sectional 
view shows a turbine formerly made with a wheel similar to that 
in the Little Giant Flume Turbine, but with a different casing. 
In this instance, the pivot for the wheel can be raised or lowered 
by a lever which is clamped in position by a nut. The wheel is 
held down by a fixed ring fitting in a groove on the wheel, just 
above the lower splayed-out part. 




End View. Side View. 

Wheel fok Little Glant Tukbine. 




BOTTOM OF 



m 

Vektical Section or thjs Little Giant Tu£bi>.e. 
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Stoneywood Paper Works, Turbine Installation.*— This iastal- 
lation consists of ttiree "Hercules" turbines, 54 inches, 4« inches, 
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* I am indebted to John Turnbull, Jun. & Sons, Glasgow, who put down 
and set agoing this plant, for the drawings from which the accompanying 
figures were made, — A.J. 
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and 42 inches diameter respectively. They are all worked by a 
fall of 23 feet, and the combined 1,200 H.P. of the three turbines 
is transmitted by bevel gearing to a horizontal shaft, which re- 
volves at 83 revolutions per minute, as shown by the accom- 
panying views. The power is then conveyed to the various 
departments of the paper works from this horizontal shaft, 
principally by belts, but in some cases by gear wheels. 

The water is supplied to the turbines through a head race, 
from the Aberdeenshire river, Don. The sectional area of this 
race is 22 feet wide by 5 feet 6 inches deep. After passing 
through the turbines, the water is discharged into a tail race 
which connects with the river at a lower level. 

Hercules Turbine. — This low-pressure mixed flow turbine is 
of American origin and make. Many of these turbines are to 
be found doing good work in this country under different water 
heads up to 40 feet. They are made in twenty different graduated 
sizes, varying from 1 to 2,800 horse, of which the following table 
shows the capabilities of the former and the latter under the 
minimum and maximum pressures : — 





Head in Feet. 


Horse-Power 


Cubic Feet of 

Water 
discharged per 

Minute. 


Eevolutions 

per 

Minute. 


No. 1 Size, . 


4 
40 


1-2 
35 


190 
580 


266 
840 


No. 20 Size, . . j 


4 
40 


90 
2,830 


14,800 
46,800 


38 
117 



From the previous and accompanying figures of this turbine, 
with index to parts, the construction and action will be easily 
understood. When the gate shaft, G S, is turned in the direction 
for lifting the gate, it does so through the bevel gear, B P and 
B W, pinions, P, and racks, E, which are bolted to the upper end 
of the thin steel cylindrical gate, G-. This action permits the 
water from the source of supply to flow inwards upon the 
revolving buckets, E. B, through the fixed guide blades, G B. 
Having given up the greater part of its energy to the vertical 
shaft, V S, the water discharges freely from the draft tube, D T, 
into and below the surface of the tail race, as shown by the left- 
hand arrow in the previous figures. 

The makers of this turbine and their representatives maintain, 
that turbines of the "Vortex," and "Little Giant" types, pre- 
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viously described ia this Lecture, cannot [lossibly give such a 
hir;h efficiency at part gate as those with fixed guide blades. 
They also state, that turbines constructed with gates which, 

when partly closed, alter the 
angle of the inflowing water 
as it strikes or presses upon 
the buckets of the revolver 
or rotor, are less efficient than 
the mixed-flow type for the 
reason, that the angle of direc- 
tion of the moving water in 
the latter is not altered at 
any part of the gate opening. 




Index to Pakts. 
G S for Gate Shaft. 



BP 


, Bevel Pinion. 


BW 


, Bevel Wheel. 


P.S 


, P^ack Shaft. 


P 


, Pinions. 


R 


, P.acks. 


G , 


, Gate. 


GB , 


, Guide Blades. 


RB , 


Revolving Buckets. 


VS , 


Vertical Shaft. 


FS , 


Footstep. 


s , 


Support for Footstep. 


AS , 


Adjusting Screws. 


DT , 


Draft Tube. 


D , 


Dome. 


NB ,, 


Neck Bush. 



Further, that those turbines 
which are fitted with the 
cylindrical gate, as herewith 
illustrated, maintain a higher 
efficiency at all loads under 
the maximum power of the 
turbine than other forms of 
low-pressure turbines. They 
guarantee an efficiency of 80 
per cent, from half to full 

gate, and with the larger sizes, they claim 85 per cent, elficiency 

for ratio of B.H.P. to E.H.P. due to waterhead. 



Improved "Hercules" Turbine. 



CKNTEIPUGAL PUMPS AND FANS. 



1S5 



Centrifugal Pumps and Fans. — If certain kinds of turbines be 
driven by a prime motor the centrifugal force of the fluid carried 
round with the wheel will cause the fluid to flow outwaid.s in a 
continuous stream. If the fluid be water the machine is termed a 
(jentrifugal Tpwmp ; whereas, if we are dealing with air, it is called 
a fan. Such machines are, therefore, merely reversed turbines ; 
but, in order to get the best results, they must be specially designed, 
because the best design for a turbine is not by any means the most 
efficient and suitable for a pump or fan. 




Centrifugal Pump. 

Centrifugal pumps are largely used whenever a quantity of water 
has to be elevated through a small height, such as in the case of 
emptying graving docks and sunken vessels, circulating the cooling 
water through condensers, or dredging sand, gravel, and mud from 
rivers, whilst centrifrugal fans are employed for ventilating mines, 
ships, and buildings, as well as for producing an artificial draught 
to smiths' fires, cupolas, and boiler furnaces, &c. 

The illustration* shows a good form of centrifugal pump with 
curved blades. A is a wheel rotating inside a casing B, thus 
giving the water which enters at the centre a certain amount of 
kinetic and pressure energy. F is a small whirlpool chamber which, 

* The above figure is reduced from one in Mr. Lineham's Text-hook on 
MechanicaX Engineering (Chapman Hall & Co.), by kind permisaioa. 
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as already explained, allows the water to form a free vortex, and 
converts part of its kinetic energy into energy of pressure. The 
water moves in a free vortex in the volute-shaped pipe, the path of 
a partical being shown in the figure by a dotted line and arrows. 

The difiereuce of pressure produced by the pump depends upon 
the density of the fluid in the wheel as well as on the speed of 
rotation. Consequently, when there is only air in it, the pump is 
not able to produce a sufficient vacuum to make the water rise 
into it. In order to get over this difficulty, an ejector G, and a 
sluice C, are added. When the pump is to be started the sluice is 
closed and the air exhausted from the pump chamber by a jet of 
steam being passed through the ejector. The water then rises into 
the wheel and the sluice is gradually opened as the speed is in- 
creased. When the pump is fairly started the steam jet is shut 
ofi' and the sluice fully opened. Sometimes a non-return valve is 
placed at the foot of the suction pipe to prevent the pump and 
pipe emptying when the wheel is stopped. In such a case, the 
pump is ready to start again at once. 

Sometimes centrifugal pumps are made with radial blades. 
They then require a much larger whirlpool chamber to allow the 
kinetic energy to change into pressure energy without a serious 
loss in eddies. 



Note 3 on the Second Edition, by Mr. J. Ritchie, Waverley Engineering Works. 

Pelton Wheels. — " Your description of the action of a jet on the Pelton 
bucket is very clear, as it illustrates the fiow of the water over the 
bucket in a way which I have never met with before. It does not, how- 
ever, in my opinion represent the true direction of the water along 
the face of the bucket. It would be all right if the buckets were 
fixed to a chain passing over two pulleys, where they would move away 
in a straight Une from the jet, until completely emptied. They move, 
however, in a circle, and the centrifugal force brings into action another 
movement in an outward direction to the point of the bucket, and part of 
the water is, therefore, discharged over the lip of the bucket, as well as at 
the sides.* 

"The accompanying figure shows a small Pelton wheel bucket, from 
which I have got very good results. With a 12-inch wheel at 1,350 re- 
volutions per minute and a head 310 feet, it gives 8 horse-power. 

' ' I have never been able to get the very high eflSciencies stated by the 
Pelton Wheel Company. Even with polished bronze wheel buckets, 75 to 
SO per cent, is the highest which I have obtained. 

Pelton Wheel Regulation.t — "I think something might be added 
on the subject of regulation. The weak point, of course, is, as you point 

*True; but the three positions of the Vanes in my illustration are 
supposed to be very close to each other. — A.J. 

t Students may here refer to a paper on ' ' Experimental and Analytical 
Results of a Series of Tests with a Pelton Wheel," by William Campbell 
Houston, B.Sc. See vol. xlvi., part viii., of Transactions of the Institution 
of Engineers and shipbuilders m Scotland, Glasgow, Apiii U)(J3. — A.J. 
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enoa^h t^Hn fL '''^*'' ^^ throttling. The nozzle has to be made large 
the g^reatest onantTnT""";'"'^' ^"'^ "'^fortunately at the same time thi 
the felTLZTh 7-1 ""^r, '' P'-'^'^S' ^^^ "^* °r true head is generally 
the least, since the frictional losses in the pipe are then greatest. ^ 

it to he Jnl f°?^ " T^L^y 'P^^' *° '^^'i"''« the area of the jet and find 
.t to be one of the moat efficient methods, since the jet becomes thereby 




Pklton Wheel with a Governou. 
(By Carriok & Kitchie, Edinburgh.) 

partly annular. The accompanying figure shows the type of this wheel 
fitted with a regulating nozzle under the control of a governor. 

' ' One of the principal losses with Pelton wheels is due to the bucket 
striking the jet, whereby a portion of the water is momentarily diverted 
as the bucket is entering the jet. Many different forms of buckets have 
been devised to avoid this loss, but without much success. 

" In double or treble nozzle wheels it is advisable to allow at least one 
bucket to intervene between the two that may be under the action of the 
jets. This is to allow of the action which you describe on p. 507, where 
the water continues to travel over the bucket, when the jet is acting 
on the following vane. 

" The use of Pelton wheels is rapidly extending for high falls. The 
efficiency with a good regulating nozzle is as high as a Girard turbina 
They are less complicated and cheaper. 

Girard Turbines. — "The description and illustrations are all good. 
It may be mentioned that outward-flow Girard turbines are very difficult 
to govern, owing to the centrifugal force acting on the water passing 
through the wheel, increasing the flow instead of diminishing it, as in the 
inward flow turbine. 

" I have made a great many of the outward-flow Girard type of turbine 
with horizontal shafts. I have not found the maximum efficiency to be so 
high as in the case of the inward-flow or pressure and reaction type of 



188 



LECTURE V. 



turbines. It is not advisable to use the latter for heads over 200 feet : 
whereas, I have Girard turbines working under 800 feet. At the same 
time there is no doubt, that for great variations — say down to one-fourth 
of the supply — there is nothing to beat the Girard turbine, owing to the 
method of regulation — viz., shutting off the supply from each port, one 
after the other. 

Jonval Turbines. — " I notice that on the Continent the Jonval turbine 
is being rapidly superseded by mixed-flow turbines. The speed of the 
former is necessarily slow, owing to its comparatively large diameter, which 
naturally involves heavier gearing and larger pits, &c. , than with the latter. 

Turbine Governors. — "The governor shown at pp. 172, 176 is a good 
one, but it is not quite sensitive enough for electric lighting work. In 
order to move the belt, the governor itself must be slow and heavy. 
King's patent governor, which is shown on tb" high-piressure double-dis- 




lllUH-PRESSURE DoUELE-DlSCHAEGE WavERLEY ToRBINE 

WITH King's Governor. 



charge Waverley turbine, is a very sensitive high-speed governor. All the 
work this governor has to do, is to move the cover plate of the pawl wheel. 
"Owino- to water being a non-elastic body, turbines and Pelton wheels 
are much more difficult to govern than a steam engine. The principal 
difficulty to contend with is hunting, as the action of the governor, owing 
to the momentum of the parts, is continued after the reason for the action 
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ceases, and the governor, therefore, keeps turning 'off' or 'on' the 
water longer than is necessary. The relay arrangement is calculated to 
prevent this. 

Inward-Flow Turbines.—" Thomson's Vertex turbine is the parent 
of all the inward and mixed-flow turbines in use at the present day. It 
has a very good efficiency. The principal objection to it is the choking 
which takes place at the centre of the wheel. Consequently, it has to be 
made of large diameter and comparatively shallow, compared with other 
turbines of equal power ; but for many purposes it still holds its own. 

Mixed-Plow Turbines. — "I must frankly say I do not think you have 
been fortunate in selecting for illustration the beat type of a mixed-flow 
turbine. Owing to the attempt which most American manufacturers 
have made, to get the greatest possible quantity of water through the 
wheel for a given diameter, the designers of this wheel have introduced 
such sharp curves, that the friotional losses are great. There are no 
guides in the proper sense of the term, the casing being in the form of a 
scroll. The water assumes a circular or semi-vortex motion in the same 
direction, before entering the buckets of the wheel. 

Waverley Mixed-Plow Turbine. — "The usual form of this turbine 
with a vertical shaft, suitable for fixing in an open flume is shown by the 
following figure. The special feature of the Waverley turbine is the 




Wavbrlby Mixed-Flow Turbine with Double Buokbx. 
(By Garrick & Ritchie.) 
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division in the buckets. This division may be placed in any position 
from one-third to one-half down the bucket, and ia specially of advantage 
where the water supply is variable. The usual form of gate is cylindrical 
and it is placed between the wheel and the guide ring. The upper portion 
of the wheel may be entirely shut off in the event of the water being low, 
and the efficiency of the wheel is thereby increased. In the Waverley 
wheel about one-half of the water is discharged radially and the other half 
axiaUy, through the lower part of the buckets. 

"The cylindrical gate of the turbine is operated by a pinion and rack.* 
The accompanying figure shows a duplex turbine, consisting of two wheels 



,^St, 




HoKizoNTAi; Duplex Wavkbley Turbine. 

on one shaft. This arrangement has the advantage of doing away with 
the end thrust on the shaft as the pressure on the one wheel is balanced 
by the other. 

" This type of turbine is suitable for falls up to 50 feet, but the former 
figure with King's governor shows a turbine of a somewhat similar con- 
struction with a double-discharge pipe, which is built of sufficient strength 
for falls up to 200 feet. These turbines are very suitable for the direct 
driving of dynamos. For example, in connection with the electric ligliting 
of Elebo House, near Dairsie, Fifeshire, I used one where the head is only 
26 feet, and 10 feet of this head is due to the 'draft or suction pipe' 
It has two gun-metal wheels 9 inches diameter, and gives 15 H._P. at 
680 revolutions per minute. The lamps are run direct from the dynamo, 
for there are no accumulators, and the speed of this turbine is entirely 
controlled by a King's governor. 

* This is a similar arrangement to that already described in this Lecture 
in connection with the "Hercules" turbine. — A.J. 
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"The forms of the guides and buckets of mixed-flow turbines are not 
the result of any elaborate ' scientifio ' calculations, but are based on 
the general assumption, that the greatest power is got out of the water 
by turning it as nearly in an opposite direction to its flow, or through 180°. 
Of course, mechanical difficulties make the latter impossible, but the mean 
angle through which the water is turned is about 125°. The body of 
the wheel being a cone, the water is at the same time given a vertical 
direction, the lower portion of the bucket being curved backwards. The 
mean angle of discharge is about 20°, the extreme end of the bucket is only 
about 16°, so that the water in this part of the wheel takes a downward, 
and also slightly outward direction. 

" The best form of buckets and guides are simply the result of innumer- 
able tests, in which the forms which gave the highest results have been 
retained. 

' ' In mixed-flow turbines it is usual to have an unequal number of 
buckets to that of the guides. This, witli the slight curve given to the 
edge of the bucket, is found to give a more regular turning moment, than 
if all the ports and buckets came exactly opposite each other at the same 
moment. One great advantage of the mixed-flow turbine is the ease with 
which a draft pipe may be used in connection with it. At Tobermory, 
Scotland, I put down a horizontal draft or suction pipe with a total length 
of 90 feet, in order to obtain a final vertical drop of 12 feet into the tail 




Tdreine Installation at Toekrmoky. 
(Showing Long Draft Pipe.) 

race of the river. The head due to this long draught pipe is necirly as 
efficient as if the same head were on the pressure side of the wheel."* 

• See my Question 21 on this point at tlie end of this Lecture.— A.J. 
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Leotuke V. — Questions. 

1. Sketch an undershot wheel. Explain why its efficiency is so low 
when it has radial blades, and show how the blades should be made to 
avoid this loss. 

2. Water flows radially at 4 feet per second towards a part of a wheel of 
a centrifugal pump or turbine which is moving at 12 feet per second, find 
the angle of the vane that the water may enter without shock. If the 
vane were radial, at what angle ought the water to be guided so that it 
might enter without shook ; its radial component of velocity being the same 
as before ? 

3. Give outline sketches of the common types of water-wheel, and com- 
pare their relative advantage. 

4. Distinguish between water-wheels and turbines, and explain the 
advantages of the latter. 

5. Sketch the Pelton wheel and describe its action. 

6. Sketch and describe a turbine of the Girard type, and mention its 
advantages and disadvantages. 

7. Describe, with sketches, a Jonval turbine, and explain its relative 
advantages. 

8. Sketch the wheel and case of an inward flow turbine for a fall of 50 
feet ; 8 cubic feet of water jper second. Calculate the diameters and 
breadths of the wheel, the number of revolutions per minute, and the size 
of the shaft. 

9. The vane of a wheel of an internal flow turbine is normal to the rim 
which moves at 40 feet per second. Water is guided so as to enter the 
rim with a radial velocity of 4 feet per second; what must be the angle 
made by the guide blade with the rim, if the water is to enter without 
shock ? If the circumferential area of all the openings of the rim is 
1'5 square feet, what volume of water flows per second? We use con- 
venient but not very exact language when we ask — what is the total tan- 
gential momentum per second entering the rim ? 

10. Sketch an inward flow turbine for a fall of 30 feet and 20 cubic 
feet of water per second. Give its principal dimensions and speed 
and the angles of guide blades and vanes What is the kinetic energy 
of a pound of water just entering the wheel ? Neglect losses by friction. 

11. The radial velocity of water in a centrifugal pump wheel is 2 feet 
per second. The vane maKes an angle of 35° with the circumference ; 
what is the velocity of the water relatively to the loheel ? The wheel is 
2 feet external diameter, and makes 300 revolutions per minute ; what is 
the actual velocity of the water as it leaves the wheel? What is the 
circumferential momentum of each pound of water? Neglecting radial 
velocity of water, what is the work done to every pound of water if it 
enters the wheel with only a radial velocity, and what is the kinetic 
energy of every pound of water ? Aiis. 3 '48 feet per second ; 28 '63 feet per 
second ; 0-89 Ib.-ft. ; 27-9 ft. -lbs. (B. of E. Adv. & H., Part I., 1900. ) 

12. Ten cubic feet of water per second enters a turbine wheel with a 
tangential velocity of 50 feet per second; it enters without shock, the 
velocity of the rim of the wheel being 50 feet per second ; the water leaves 
the wheel with only a radial velocity. What energy does the water give 
to the wheel per second ? (E. of E. Adv., 1901.) 
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13. Water, with a radial velocity of 6 feet per second, is really moving 
along a vane which makes 30" with the circumference of a centrifugal 
pump wheel, which lets the water leave the wheel with less tangential 
velocity than that of the wheel itself. Show on a diagram and state the 
tangential velocity of the water if that of the wheel is 40 feet per second. 
If the water before it enters the wheel has a radial velocity of 6 feet per 
second, and enters without shock, what energy is gained per pound of 
water? What is the gain of kinetic energy ? What difference will friction 
of the passages make in your result? (B. of E. H., Part I., 1901.) 

14. Deduce an expression for the efficiency of a simple hydraulic reaction 
wheel when you are given the available head and the velocity of the water 
at the discharging orifice. What will the efficiency be if the head equals 
112 feet and the velocity of discharge is 90 feet a second, neglecting 
friction? (C. & G., 1900, H., Sec. C.) 

15. Describe, with sketches, a Pel ton waterwheel. In what circum- 
stances is such a waterwheel used ? What is likely to be the efficiency of 
the wheel in ordinary working? (C. & G., 1901, H., Sec. C.) 

16. A Pelton wheel, 2 feet in diameter, runs at 600 revolutions a minute, 
the available pressure at the nozzle being 200 lbs. per square inch, and the 
available supply 100 cubic feet per minute. Estimate the available horse- 
power and the greatest possible hydraulic efficiency of the wheel. 

(C. &.G., 1902, H., Sec. C.) 

17. Discuss, in general terms, the various losses in a centrifugal pump, 
pointing out in particular the effect of the whirlpool chamber and of the 
angle of discharge of the vanes on the efficiency. In a test of a compound 
centrifugal pump the pressure in the rising main, measured at the pump, 
was found to be 55'8 lbs. per square inch above atmosphere, and on the 
suction pipe, measured at the pump, 6 '7 lbs. per square inch below 
atmosphere. The water raised per minute was 119 gallons, whilst the 
turning moment transmitted to the pump spindle, as measured by a 
dynamometer, was found to be 27 '3 foot-lbs., the revolutions being 1460 
per minute. Find the lift, the horse-power of the pump, and the efficiency. 

(C. &G., 1902, H., Sec. C.) 

18. Explain what is meant, in referring to hydraulic pressure engines, by 
the statement that "they contain within themselves their own brakes." 
It is found that a ram of 10 inches in diameter can lift a load of 20 tons 
with an uniform velocity of 6 inches per second when supplied with water 
from an accumulator working at a pressure of 750 lbs. per square inch. 
Find the coefficient of hydraulic resistance referred to the velocity of the 
ram, and, assuming this to remain constant at all speeds, find the velocity 
of the ram when under no load. (C. & G., 1902, H., Sec. C.) {For ansioer to 

first part refer to the, Froude Water Dynamometer or Brake described in Vol. I. ) 

19. Explain, with the aid of sketches, the various devices employed to 
make water-pressure engines economical when working under loads less 
than their maximum. (G. & G., 1902, H., Sec. C.) 

20. The following results were obtained from an undershot water-wheel 
of 15 feet diameter, 4 feet 6 inches wide, and having only a head of water 
of 3 feet 6 inches : — 



Revs, per Minute. 


B.H.P. 


Hevs. per Minute, 


B.H.P. 


7-3 
8-3 
8-4 
8-6 


6-68 
6-7 
6-7 
6-73 


8-9 

9-2 

100 


6-68 
6-48 
6-4 



1.3 
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Plxit the circumferential sfteeds, and the corresponding B.H.P. as co- 
ordinates. Then, find a constant for the ratio of the velocity of rim of 
wheel to its diameter at the moat effective speed in this case. Also, iind 
the ratio of the speed of rim of wheel to the velocity of the water due to 
the above head. Can you refer to any reliable data regarding these two 
ratios or other applicable ratios for water-wheels ? 

21. Given two turbines with their feed-water pipes identically the same 
in every respect. Let each turbine be supplied with water from, say, a 
height of 20 feet above their respective centres. In case (1), the turbine 
discharges directly into the air ; whereas, in case (2) the bottom end of the 
discharge pipe is led into the tail race below its surface, and the vertical 
distance from this surface to the centre of the turbine is 20 feet. Which 
will yield most power, why, and by how much? Sketch and explain your 
answer. If the centre of the turbine in case (2) were 30 or more feet above 
the surface of its tail, what would happen, and whj' ? 

N.B. — See Appendices B and G for other qutsdona and ansicers. 



A.M.lNaX.C.E. QUJiSTlONS. 195 



Lecture V. — A.M.Ikst.C.E. Exam. Questions. 

1. What are the two conditions to be observed in designing the angles 
of the vanes at the inlet and outlet surfaces of a turbine to secure the 
greatest efficiency ? Define an impulse and a pressure turbine. 

(I.C.E., Oct., 1897.) 

2. Describe the construction of any one form of turbine, stating how 
the power and consumption of water is regulated. Discuss the effect of 
regulating the flow through the turbine on the efficiency. 

(I.C.E., Oct., 1897.) 

3. Show that the hydraulic efficiency of a turbine which works on a 
fall of H feet is ij = Wj ^ijg H, where w-^ is the velocity of whirl, and Vj 
the velocity of the wheel at the receiving surface, the water being rejected 
radially. (I.C.E., Oct., 1897.) 

4. In an inward flow turbine the water enters the inlet circumference, 
2 feet diameter, at 60 feet per second, and at 10° to the tangent to the 
circumference. The velocity of flow through the wlieel is 5 feet per 
second. The water leaves the inner circumference, 1 foot diameter, « ith 
a radial velocity of 5 feet per second. The peripheral velocity of the inlet 
surface of the wheel is 50 feet per second. Find the angles of the vanes at 
the inlet and outlet surface. (I.C.E., Feb., 1898.) 

5. Describe some different forms of turbine, and mention any special 
advantages of each arrangement, or any particular conditions for which 
each is most suitable. Describe specially the regulating arrangement of 
each turbine. (I.C.E., Feb., 1898.) 

6. Describe any one form of turbine governor. State what are the 
special difficulties in applying governors to turbines, and point out how 
the diflaculties are met in the governor you describe. (I.C.E., Feb., 1898.) 

7. Describe how you would measure the actual power given out by a 
water-motor, or any other motor, and the power supplied to it, and so 
arrive at its efficiency. (It may be well to say that if the Candidate has 
not actually measured the brake-power of a machine, he will be apt to 
make a mistake in the description.) (I.C.E., Oct., 1898.) 

8. A horizontal jet of water impinges on a vane rotating about a 
horizontal axis above it, when the arm of the vane makes an angle of 120° 
with the jet, sketch the shape of vane to obtain the maximum amount of 
energy out of the jet, and indicate the path of the water on leaving the 
vane. (I.C.E., Oct., 1898.) 

9. Deduce the general formula for turbine efficiency. (I.C.E., Oct., 1898.) 

10. A vane, circular in section, subtending an angle of 30° at its centre, 
rotates about that point, in a vertical plane, with a linear velocity of 3 feet 
per second. A jet of water, 12 square inches in section, impinges upon it 
tangentially with a velocity of 9 feet per second. Find the power trans- 
mitted by the jot to the vane. (I.C.E., Feb., 1899.) 

11. Water under a head of 100 feet flows at the rate of 10 feet per second 
through a horizontal bend-pipe 36 inches diameter and 20 feet radius, sub- 
tending aji angle of 60° at the centre of the curve ; calculate the total 
pressure tending to force the bend-pipes outward- (I.C.E., Feb., 1899.) 
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12. Describe the construction of an impulse turbine, and state how it it 
regulated for supplies below the normal. (I.G.E. , Feb., 1899.) 

13. Sketch a centrifugal pump and state what you know of the conditions 
upon which its efficiency depends. (I.G.E., Oct., 1899.) 

14. It is desired to utilise a stream of water having a head of 40 feet, 
measured from the rook over which it falls to the level of the stream 
below. The flow is exceedingly variable, and while it is desired to make 
the most of the minimum flow, amounting to about 5 cubic feet per second, 
advantage mvist be taken of at least four times that flow when it occurs. 
(a) Between water-wheels and turbines, and their different classes, how 
would you choose, and why? (6) What brake horse-power should you 
expect to obtain from the minimum flow? (I.C.E., Feb., 1900.) 

15. Explain, with as few mathematical symbols as possible, the funda- 
mental conditions of mechanical efficiency in turbine action, taking account 
both of the waste pressure and kinetic energy in the water-discharge and 
of the frictioual wastes. (I.C.E., Oct., 1900.) 

16. What are the latest developments in the use of centrifugal pumps for 
force-pumping against a large head? Describe briefly the dynamics of this 
use of centrifugal pumps, and more particularly' in respect of the mode of 
generation and accumulation of high pressure and in respect of mechanical 
sfficieney. (I.C.E., i?'c6., 1901.) 

17. Sketch good forms of admission and exhaust valves for hydraulio 
pressure motor engines. (I.C.E., Feb., 1901.) 

18. Explain fully how the energy of water is utilised in an over-shot 
water-wheel, in a Pelton wheel, and in a reaction turbine. 

(I.C.E., Oct., 1901.) 

19. Indicate how a vane, moving with a velocity of 25 feet per second 
in a horizontal direction, must be shaped in order to abstract the maximum 
amount of energy from a jet of water impinging upon it at an angle of 45° 
to the horizontal with double the above velocity. What pressure would be 
exerted on the vane per cubic foot of water impinging per second ? 

(I.C.E., Oct., 1901.) 

20. Explain the action of a Girard type of impulse turbine, and indicate 
how with a vertical shaft the pivot supporting the weight of the turbine 
wheel can be made easily accessible for lubrication and adjustment. 

{LC.E., Feb., 1902.) 

21. In an outward flow impulse turbine the jet of water, moving with a 
velocity of 150 feet per second, is guided on the wheel vanes at an angle of 
75° to the radius, the inside radius of the wheel being 5 feet and the outside 
radius 6 feet. If the wheel makes 150 revolutions per minute, and the 
water leaves the wheel with a radial velocity only, draw the shape of the 
vanes. (LCK., Feb., 1902.) 

22. Show how the hydraulic efficiency of a turbine may be found from the 
principle that the angular impulse is equal to the change of angular 
momentum. (I.C.E., Feb., 1902.) 

23. Calculate the maximum possible efficiency of a Pelton wheel in which 
the bucket velocity is three-quarters of the jet velocity. How much less 
than this would the actual efficiency be in the case of a wheel of about 40 
H.P. ? To what, and in what proportion, would you debit the losses? 

(I.C.E., Oct., 1902.) 

24. Explain briefly the apparatus you would use, and the calculations you 
would make, to determine the net efficiency of a turbine giving about 20 
B.H.P., the shaft being vertical. (I.C.E., Feb., 1903.) 

25. For an inward-flow turbine, given the angle of the guide-blades, the 
speed of the vanes, and the radial velocity of the water at both inlet and 



A.M.INST.O.E. QUESTIONS. 197 

outlet, show how you would find the angles of the vanes at inlet and out- 
let, and how you would proceed to design them. (I.C.E., Feb., 1903.) 

26. OVjtain a general expression for the hydraulic efficiency of a turbine 
in terms of the head, the angular velocity of the vanes, tlie tangential 
components of the velocity at inlet and outlet, and the radii of the inlet 
and outlet surface.?. Write down the corresponding formula for a centri- 
fugal pump. (I.e. E., i^-ei., 1903.) ~ 

N.B. — See Appendices B and C for other quesLioHS and answers. 
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LECTURE 71. 

REFRIGERATING MACHINERY. 

Contents. — Refrigeration — Preliminary Considerationa — Carbon Dioxide 
as a Refrigerating Agent — Elementary Refrigerating Apparatus — 
Simple Refrigerating Machine — Carbon Dioxide Refrigerating Plant — 
Anhydrous Ammonia as a Refrigerating Agent — De La Vergne's Re- 
frigerating Plant — De La Vergne's Double Acting Compressor — The 
Linde System of Refrigeration — Apparatus for Transmitting the cold 
produced to the Chambers requiring Refrigeration — Pneumatic Tools 
— Questions. 

Eefrigeration— Preliminary Considerations. — An interesting ex- 
ample of the conversion of heat into work is afforded by a 
refrigerating machine. The simplest form of machine consists 
of an air-compression pump driven by a steam engine, or other 
motive power, in which the pump is water jacketted and the 
air is cooled under pressure by being passed through a 
surface condenser where the water abstracts the sensible heat 
generated by the mechanical work of compression. The air thus 
cooled, but still under pressure, is conveyed to an air engine 
and allowed to perform work by expanding against some 
resistance. A large proportion of the work originally per- 
formed during the operation of compression is again given out, 
with a corresponding reduction in the air temperature. 
A. machine on this principle may be conveniently con- 
structed by arranging the steam, compression and expanding 
engines to work on one crank-shaft. The expanding air thus 
assists in the work of compression. After deducting the neces- 
sary losses due to cooling, leakage, &c., the work done in the 
expansion cylinder amounts to about 65 per cent, of the power 
absorbed by the compression cylinder ; the remaining 35 per 
cent, being supplied by the steam or other prime mover. The 
air having thus given up its heat, exhausts from the expansion 
cylinder at a very low temperature, reaching in one authenticated 
instance as low as - 124° F. 

The large coal consumption of machines of this class has, 
however, led to their being superseded, in almost all cases, by 
machines in which a more direct conversion of heat into work 
takes place. 

If we take any liquid and commence to vaporise it, we find 
that, it is necessary to maintain a continual application of heat 
in order to bring about this physical change. The amount of 
heat necessary to convert a unit weight of a liquid to a unit 
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weight of gas at the same pressure, is always constant for the 
same liquid. For example, 1 lb. of water at a temperature 
of 212° F. and at atmospheric pressure, requires the application 
of 966'6 British Thermal Units to convert it into 1 lb. of steam 
at the same temperature and pressure. Conversely, to condense 
1 lb. of steam to 1 lb. of water, both being at 212" F. and 14-7 
lbs. pressure per square inch, we must abstract from the steam 
966'6 thermal units by contact with a cold body. This principle 
holds good for any liquid. 

A refrigerating machine with steam as a working medium, 
would not be practicable unless the temperature of everything 
in connection with it was maintained above 212° F., but there 
are many liquids which have, when compared with water, a very 
low boiling point ; notably ether, sulphurous acid, ammonia, 
carbon dioxide, and ethylene. Each of these has been employed 
for purposes of refrigeration with more or less success ; and 
all of them depend on the same principle — viz., the absorption 
or the giving out of their latent heat in converting the liquid to 
a gas, or vice versd. 

It is not necessary here, to enter into a discussion as to the 
relative merits of different liquids as refrigerating agents, but in 
practice, anhydrous ammonia is the agent generally used, and in 
a lesser degree, carbon dioxide. The necessary machinery is of 
itself extremely simple, although the details afford scope for 
a great amount of elaboration and ingenuity. 

Carbon Dioxide as a Refrigerating Agent. — Carbon dioxide or 
carbonic anhydride, which is commercially known as " carbonic 
acid," is a colourless gas, and quite without odour when pure. 
It is under all circumstances perfectly innocuous, and has prac- 
tically no effect on animal tissues or other bodies. It will, how- 
ever, produce asphyxiation in animals when present in the 
atmosphere in quantities exceeding 25 per cent, by excluding 
oxygen from the blood. This gas may be very readily liquefied, 
either by diminishing its temperature or by increasing its pres- 
sure. This fluid has a specific gravity of about -8, and can only 
remain in the liquid state when under considerable pressure, 
the pressure varying with the temoerature of the liquid.* The 
moment the pressure is removed, the heat present in surround- 
ing bodies, at once assists m the evaporation of the liquid carbon 
dioxide and the bodies themselves are consequently left in a 
colder condition than before the evaporation took place. 

Elementary Refrigerating Apparatus. — Let us consider for a 
moment an elementary piece of apparatus in which refrigeration 

* Carbonic acid gas can only be liquefied by pressure when below 86° F, 
which is termed its critical temperature. 
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can take place. If we take two strong coils of piiiing and sur- 
round each with a vessel of water and then connect the two by 
means of a stop valve at their lower ends, as shown by the 
accompanying figure, we shall have a simple form of refrigerating 
machine. Suppose, that when the stop valve is closed, we 
charge the condenser coil with gas under liquefying pressure, by 
means of a force pump. The water surrounding the coil will 
absorb the heat which has been imparted to the gas by com- 
pression, and the condensed liquid will gradually accumulate 
at the bottom of the coil. On opening the stop valve, 
this liquid will run into the second or evaporating coil, and 
the pressure here being lower' than is necessary for main- 
taining the liquid state of the material, evaporation will at once 
commence. The heat necessary for evaporating this liquid is 




Stop Valve 

Elementary Reerigeratinq Machine. 



absorbed from the water surrounding the evaporating coil, which 
will thereby become considerably reduced in temperature. To 
accomplish this result in practice three things are necessary : — 
(1) A compressor, to raise the pressure of the gas to whatever 
may be necessary for its liquefaction ; (2) a surface condenser, 
to remove the heat generated by the mechanical work of com- 
pression ; (3) an evaporating vessel, where the liquid may re- 
evaporate into a gas, and absorb heat in the operation. 

Simple Refrigerating Machine. — The following figure of a 
simple refrigerating machine will explain the cycle of opera- 
tions. is a compressing pump delivering gas under pressure 
into the condensing coil C, which consists of a strong worm of 
iron or copper piping immersed in a tank of water. R is a 
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regulating-stop valve having a tine adjustment. E is the 
evaporator which consists of a coil of piping similar to the con- 
densing coils. It is also immersed in a tank containing the 
water or other fluid to be cooled. The regulator R is closed, as 
soon as the pressure in the condenser has risen to that at which 
liquefaction can take place and the gas commences to condense 
on the inner surface of the coil C C. The drops of liquid descend 
and accumulate in the lower portion of this coil. The regulator 
is then opened, with the result, that a small quantity of liquid 
escapes into the evaporator. Now, since the compressor draws 
its supply of gas from the evaporator, the pressure in the 
evaporator must be less than in the condenser. Consequently, 




Sectional Diagram of a Simple Refeigekating Machine. 

Index to Parts. 

C for Compressor. E for Evaporator. 

C C ,, Condensing Coils. «i to ^4 ,, Thermometers. 

R ,, Regulating Valve. Ti to T4 ,, Thermometers. 

the liquid commences to boil, and absorbs heat for its transfor- 
mation into a gas from the surrounding liquid. The tempera- 
ture of this liquid is therefore naturally reduced by the opera- 
tion. The liquid within the coil is entirely re-converted into a 
gas which ultimately finds its way to the compressor, and thus 
the cycle of operations is completed. 

Suppose four thermometers be inserted into the pipes convey- 
ing the gas to and from the condenser and evaporator, as shown 
at <j, t^, <3, t^. It will be found that they do not register alike, 
for t-. will show the highest temperature, then i, and Z3 will be 
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some degrees lower, and t^ will be lowest of all. Suppose now, 
that the liquids in the vessels surrounding C C and E be caused 
to circulate in the direction of the arrows, and that thermometers 
Tj, T^, Tg, T^, be placed on each of the inlet and outlet pipes. 
It will be found, that the temperature of the incoming water 
Tj is lower than Tj the temperature of the water going out of 
the condenser ; also, that Tg the temperature of the liquid 
entering tlie evaporator is higher than T^ its temperature as it 
leaves this vessel. This shows, that with respect to the gas or 
liquid within the coils of the condenser or evaporator, heat is 
lost in the condenser and gained in the evaporator. The amount 
of the former is represented by the difference between T^ and Tg 
multiplied by the weight of water passed through the condenser 
in pounds, and the latter may be expressed in terms of the 
difference between Tj and T^ multiplied by the weight of the 
fluid passing through the evaporator, and by the specific heat of 
this fluid. 

If we could construct an ideal machine, in which the lique- 
faction of the gas was automatic, it would be found that the loss 
of heat in the condenser, measured in thermal units, was exactly 
equal to the gain of heat in the evaporator. The sensible heat 
gained and lost by the fluids surrounding the coils in the con- 
denser and evaporator respectively, would be the exact measure 
of the latent heat of the refrigerating medium, as abstracted in 
the condenser and returned in the evaporator. It is, however, 
necessary to change the physical condition of the gas between 
the evaporator and condenser, so that it can be liquefied in its 
passage through the latter vessel. Suppose that the pressures in 
both evaporator and condenser are the same and constant. In 
order to ensure condensation and liquefaction in the condenser, 
its temperature would have to be constantly maintained helcno 
that of the evaporator, a condition of things which is manifestly 
impracticable since the evaporator is becoming colder with 
every repetition of the cycle of operations. This difliculty must 
therefore be met in another way. If we wish to liquefy any 
gas, it is necessary to bring its molecules closer together, and 
this can be accomplished either by increasing the pressure or 
by decreasing the temperature of the gas, or both. Now, 
since it is not in this case practicable to reduce the tem- 
perature, the only alternative is to raise the pressure by means 
of the pump already referred to, which draws the gas from the 
evaporator and delivers it at an increased pressure into the coils 
of the condenser. But in order to compress a gas, mechanical 
work must bo performed upon it, and this work re-appears in the 
form of heat. The temperature of the gas after compression is 
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therefore considerably higher than it was at the lower pressure 
on leaving the evaporator. This heat, in addition to the heat 
imparted in the evaporator, has to be abstracted and carried 
away by the cooling action of the water of the condenser. 

As stated at the beginning of this Lecture, if we convert .1 
unit weight of any liquid into a gas, we require the addition of 
a definite amount of heat, and to reconvert this gas into a liquid 
we require the abstraction of the same amount of heat, the 
amount being constant for any one liquid at a constant pressure 
and temperature. All gases do not require the same expendi- 
ture of energy to raise them to the same pressure, because they 
vary in what may be called their compressibility, and some 
gases occupy a smaller volume than others after an equal amount 
of compression. Carbon dioxide, for example, according to 
Regnault, only requires about 75 per cent, of the work necessary 
to produce the same amount of compression, as air or hydrogen. 
We can, by experiment, readily determine the exact pressure 
at which liquefaction will take place at any temperature ; and 
knowing this, the machine can be designed of suitable strength 
to withstand the necessary pressure. 

Owing to the difierence in the power required to increase the 
pressure of diflFerent gases, it follows that the amount of heat 
imparted during compression must with some gases be greater 
than with others. This fact is of great importance in the 
selection of a suitable gas, and particularly so if cooling water 
be scarce. But whatever gas be employed, the pressure neces- 
sary to liquefy it must always be increased to a greater or less 
extent as the temperature of the cooling water rises. 

Having considered the principles upon which an evaporative 
refrigerating machine depends for its action, we are now in a 
position to examine into the actual question of the interchange- 
ability of heat and work. We can moreover at once establish a 
coefficient of efficiency for any refrigerating material. 

Let, L = Latent heat of evaporation of the refrigerating 

medium in B.Th.U. 
And, H = Heat imparted during compression in B.Th.U. 

It follows, from what has been said, that the coefficient of 
efficiency will be L -^ H, and, neglecting external losses, w L 
will represent the heat abstracted in the evaporator, whilst 
H + lo L will equal the heat added to the cooling water of the 
condenser, where iv is the weight in lbs. of the gas entering the 
condenser in a given time. It is, of course, impossible that a 
machine could work under such ideal conditions as we have 
assumed, since there must alwavs be the effect of the high or 
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low temperature of sarrounding bodies to determine whether 
there will be a loss or gain of heat in one or other of the parts 
of the machine. For instance, it is almost certain that the 
evaporator will be colder than the atmosphere ; in that case, 
no matter how carefully it may be insulated, there will be some 
conduction of heat and the net quantity of the heat abstracted 
from the liquid to be cooled can only be (w L - x), where x, is 
the amount of heat derived from outside sources. The amount 
of heat imparted to the cooling water in the condenser will 
therefore be H + wL±y; where y, is the heat lost or gained in 
the condenser due to the difference in temperature between it 
and its surroundings. 

There is still another correction to be made to the above 
formula. When, as is usual, the evaporator is maintained at a 
very low temperature, a certain amount of heat must be imparted 
to it by the refrigerating liquid itself, as it is entering the 
evaporator in a comparatively warm condition. Thus, supposing 
there be t degrees difference in temperature between the con- 
denser and evaporator, a unit weight of the refrigerating liquid 
will as it were import into the evaporator ts thermal units; 
where 3 is the specific heat of the liquid in question. Therefore, 
if W be the weight of refrigerating liquid passing into the 
evaporator in a given time, the heat abstracted in the evaporator 
will be represented by the expression : — 

mjL - X - Vfts. 

Of course. Wis will not in practice amount to a great deal ; but, 
as Professor Linde has pointed out, it must not be neglected in 
an exact calculation of the work performed by any refrigerating 
machine. If there be no leakage, then on the average W will 
be the same as w. 

These formulae cannot be applied with absolute certainty in 
practice, owing to the impossibility of making all the necessary 
corrections due to the gain or loss of heat in the various parts of 
the machine, and owing to the friction of the gas in constricted 
passages. Bat, with care, this gain and loss of heat can be 
very nearly accounted for in an ordinary machine, as manufac- 
tured for commercial purposes and working under the conditions 
of everyday practice. 

Carbon Dioxide Refrigerating Plant. — One method of cooling 
buildings, <feo., on a large scale, is to employ a strong brine 
obtained by dissolving sodium chloride or common salt in water. 
This brine is first cooled by passing it through the evaporator of 
a refrigerating machine, and then circulating it in pipes placed 
within the chambers which it is desired to cool. 
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In the accompanying figure all the essential parts are shown 
of a small refrigerating machine as manufactured by JMessrs. 
J. <fe E. Hall, of Dartford, for cooling small provision stores, 
dairies, &c., where the pump may be conveniently driven by a belt. 
In larger machines, the evaporator is contained in a separate 
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vessel and the compressor is driven by a compound- or triple- 
expansion engine ; but, for the sake of compactness in this case, 
the evaporator is placed within its condenser, and the inter- 
vening space between them is carefully insulated by means of 
some non-conductor, such as hair ft It or slagwool. The coils of 
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piping which form the condenser and evaporator are welded into 
continuous lengths and so connected that all joints shall occur 
in accessible positions. These and all the other gas joints are 
made by inserting copper rings turned from the solid metal 
between a pair of flanges or union coupling. This form of 
joint has been found very satisfactory. The condenser casing, 
Corliss frame and bearings for the compression pump, &c., are all 
made of cast iron in one casting. The compressor C is made of 
special hard bronze in order to ensure freedom from spongy 
places, while the suction and delivery valves are identical in 
shape and size so that they may be interchangeable. The com- 
pressors for larger machines are bored out of solid steel forgings. 
This ensures strength together with sound material. A true 
bore is also provided for the smooth working of the cupleathers 
with which the pistons are packed. The gland is made gas-tight 
by means of two U-leathers fitted over the compressor-rod and 
glycerine is forced between them under a somewhat greater 
pressure than that in the compressor. Any leakage which takes 
place is therefore of glycerine — outwards (which can be collected 
and used over again) and inwards — which both lubricates the 
interior of the compressor and fills up the clearance spaces, 
thereby increasing the efficiency of the machine. The superior 
pressure of glycerine in the gland is obtained by utilising the 
pressure in the condenser acting through a small intensifier, 
similar to those in use in hydraulic installations. Any glycerine 
which passes into the compresser, beyond what is necessary to 
fill up the clearance spaces is discharged with the gas through 
the delivery valves. In order to prevent this glycerine passing 
into the condenser coils, all the gas is delivered into a separator 
S and caused to impinge against the sides of this vessel. The 
glycerine adheres to its sides and drains to the bottom from 
which it may be drawn off from time to time, thus permitting 
the dry compressed gas to pass away by an opening at the top of 
the separator to the evaporator E. 

One feature of these machines is the safety valve, which is 
fitted to the gas circuit immediately above the compressor, so 
that no harm can be done to the machine even if carelessly 
started with the stop valves closed. It consists of an ordinary 
spring safety valve, beneath which is a thin copper disc, designed 
to burst at a certain pressure. This disc can be made perfectly 
gas-tight, which could not be so easily accomplished by the spring 
safety valve alone. The latter only comes into play in the event 
of a rupture of the copper disc. 

Anhydrous Ammonia as a Kefrigerating Agent. — The most 
important advantages possessed by anhydrous ammonia as an 
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agent for cooling purposes are, its freedom from the danger of 
explosion, its great latent heat and low pressure of vapor- 
isation.* The latent heat of vaporisation of 1 lb. of carbonic 
acid at 0° F. is 123 units, and of ammonia 555 units, while the 
respective pressures in lbs. per square inch, at the same tem- 
perature, are 310 lbs. in the case of carbonic acid and only 
30 lbs. with ammonia. It follows, therefore, that a carbonic 
acid plant must be constructed to deal with pressures of about 
1,000 lbs. per square inch as against only 150 lbs. or so, in an 
ammonia machine. The exact pressures in each case are 
directly proportional to the temperature of the condensing 
water. 

As already stated, this agent is more commonly used than 
any other, and in the United States of America, where refriger- 
ation is applied to an extent unknown elsewhere, the machine 
generally employed is on the ammonia compression principle. 
It is similar to the carbonic acid machine in so far as the 
complete system consists of (1) a compression, (2) a condensing, 
and (3) an expansion part; moreover, the cycle of operations 
is exactly the same. 

De La Vergne's Refrigerating Plant. — There are many different 
kinds of ammonia machines in use, but a general description of 
one of the best known and most extensively applied — viz., the 
" De La Vergne " as manufactured by Messrs. L. Sterne & Co., 
Ltd., of the Crown Iron Works, Glasgow, may be taken as a 
typical example. 

In the following figure, A represents the ammonia com- 
pressor driven by a steam engine R. The gas which is returned 
from the expansion coil N, placed in the cooling chamber, enters 
the cylinder A by the pipe B, and after being compressed 
therein it is discharged, through the pipe into a pressure tank 
D, together with a certain amount of sealing oil. Here, the oil, 
being heavier than the ammonia gas, naturally falls to the 
bottom, and the hot ammonia passes from the top of this 
tank by a pipe E to the condensers F ; where, the cooling 
action of cold water trickling over the pipes causes the gas to 
liquefy. It then passes through pipes G, G to a header H, and 
from thence, to a storage tank I, which is simply a receptacle 
for holding a reserve supply of liquid ammonia. From this tank 

• A liquid with a high latent heat of evaporation need not necessarily 
be a good refrigerating agent, and vice-versd. What is required is, that 
its specific heat should be low in proportion to the latent heat of evapora- 
tion. Or, we require as great a diferenre as possible between the latent 
heat of evaporation and the specific heat of the liquid multiplied by the 
range of temperature in the condenser and refrigerator. 
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it is conveyed by a pipe J to a separating vessel K, where any 
particles of oil that may have been carried over with the liquid 
are finally separated and the pure liquid ammonia is free to leave 
it by a pipe L to the expansion coils in the chambers to be 
cooled. The cock for admitting the ammonia to these coils can 
be regulated to any degree of minuteness. It thus serves to 
separate the high pressure from the low pressure part of the 
apparatus. Hence, the liquid ammonia on passing the expan- 
sion cock enters the cooling coils, which are maintained at a low 
pressure by the pumping action of the compressor. Here, it 
immediately iiashes into gas and by abstracting from its sur- 
roundings the heat necessary to cause this change, the tempera- 
ture of the room is lowered to any desired extent. After 
having thus done its work in the cooling chamber, the gas is 
returned to the compressor by a pipe B, to again undergo the 
same cycle of operations. 

The sealing oil passes from the bottoms of the pressure and 
separating tanks JD and K, by the pipes a and d to the oil 
cooler 6 ; thence, by pipe c to the oil strainer d and the pipe e to 
the oil pump /; by which, it is again circulated through the 
compressor A. 

De La Vergne's Double-Acting Compressor. — The accompany- 
ing figure is a section through a " De La Vergne" double- 
acting compressor, and shows the use of the oil seal. In all 
ammonia compressors, a certain amount of oil is required for 
lubricating purposes, and if the compressor be arranged in the 
ordinary way, the discharge valves at the lower end are placed 
either on the bottom or at the side, with the result that the oil 
is discharged before the gas. The oil ought, however, to be dis- 
charged after all the gas is gone ; otherwise, re-expansion takes 
place which would entail a loss of efficiency. In the " De La 
Vergne " compressor this difficulty has been avoided in the fol- 
lowing manner : — At the lower right-hand end of the compressor, 
two discharge valves are fitted into a side pocket, with the one 
fair above the other. On the down stroke, either of the valves or 
both may open until the piston covers the upper one, when only 
the lower valve is open to the condenser. In the further course 
of the piston and as soon as the lower valve is also closed, the 
upper one comes into direct communication with an annular 
chamber in the piston. This chamber has valves in its bottom 
side which open into it, as soon as all other inlets on the lower 
side of the piston are closed. The gas, therefore, first leaves 
the compressor and then the oil follows, thus permitting no gas 
to remain in the lower side after the completion of the down 
stroke. The efi'ect of the oil seal is to make the compressor 
4 14 
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work with practically no clearance and thus a maximum of 
efficiency is obtained. The oil also serves to carry away a con- 
siderable amount of the heat of compression and to seal all 
the valves and stuffing-boxes. 

Attention may now be drawn to a few of the details of the 
above plant. In the first place, it will be noticed that the 
ammonia condenser is not of the ordinary type where the coils 
containing the gas are usually submerged in a water tank, bub 
they are of the open or atmospheric type. Here, water is kept 
constantly trickling over the condenser pipes, and the cooling 
action is therefore considerably assisted by the evaporation 
thereof from the surface of the pipes, which enables a maximum 
of condensation to be effected with a minimum of water supply. 
It also leaves all the pipes of the condenser open for examina- 
tion and cleansing. This style of condenser is now coming into 
extensive use for the condensation of steam in large factories. 
In the second place, it will be seen that the refrigerating or 
cooling effect is caused by the direct expansion of the ammonia 
in pipes placed in the chamber to be cooled. This does away 
with the unavoidable loss of efficiency due to the use of a supple- 
mentary medium such as brine. It, however, necessitates 
very careful coupling up and jointing all the expansion coils, 
in order to prevent any leakage of the ammonia gas ; more 
especially, in the case of a large plant where there may be as 
much as ten or more miles of piping in these cooling coils. In 
practice, however, these details have been so carefully worked 
out, that many hundreds of miles of such piping are constantly 
at work without giving the slightest trouble. Consequently, 
the old-fashioned method of brine circulation is not now so 
generally employed except on board ship, where there is a possi- 
bility of undue rocking or straining of the pipes and where it is 
considered advisable to use something that would cause no 
disagreeable odour in case of a broken pipe or joint. 

In applying the refrigerating machine to the manufacture of 
ice, the simplest method is to place the expansion or cooling 
coils in a tank filled with brine or other non-congealable liquid, 
while the water to be frozen is placed in moulds of suitable size, 
which are then inserted into this brine until frozen. The pur- 
pose served by the brine in this case is to convey the heat from 
the water to the cooling pipes. It is therefore generally kept in 
slow circulation in order to ensure that the temperature shall be 
as uniform as possible throughout the tank. If ordinary well 
water be placed in the moulds, the resulting ice will contain so 
much air that it will be turned out of a milky white and opaque 
colour; but if the water whilst in the process of freezing be kept 
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in slow motion by means of agitators, this air escapes, and a 
clear glassy ice is the result. 

Another method of obtaining clear ice is to use distilled 
water. This has also the advantage of getting rid of any 
objectionable matter which might be in solution. 

The Linde System of Refrigeration. — This system was first 
introduced into Germany in the year 1875 by Professor Linde, 
who was then one of the teaching staff at Munich University, 
In this country, however, prior to 1888, the principal cold-pro- 
ducing machinery, as manufactured for both land and marine 
purposes, was the simple cold air machine, in which refrigeration 
is produced by the compression, cooling when under compression 
by means of water and subsequent expansion of ordinary atmo- 
spheric air. These machines, although simple in construction 
and giving very good results, possess the disadvantage of 
requiring a large amount of power to work them in comparison 
with those employing more efficient refrigerating agents. Con- 
sequently, the former method has now very largely given way to 
one or other of the latter, of which the Linde system is one of 
the most successful, seeing that over 3,000 of these machines 
have been constructed up to September, 1897, representing an 
output, as rated by the capability of producing 69,200 tons of 
ice every twenty-four hours. In America the largest machine 
turned out upon any system is rated at 500 tons of ice per 
twenty-four hours. 

The Linde System of Refrigeration is identical in principle, 
and only differs in mechanical details from the De La Vergne 
previously described. It is, therefore, based on the evaporation 
of liquid anhydrous ammonia and the subsequent liquefaction 
thereof by means of mechanical compression, together with the 
cooling of the vapour thus formed, so as to enable it to be used 
over and over again. As will be seen from the accompanying 
illustration, the self-contained motive-power plant, as chiefly 
used on board ship, consists of a horizontal steam engine on the 
right, with a horizontal duplex compressor pump to the left, and 
an ammonia condenser in the sole plate. As far as the com- 
pressor is concerned, the chief differences between the Linde 
and the De La Vergne systems are : — 

(1) That in the former a horizontal compressor is used 
instead of a vertical one in the latter case. 

(2) That a special oil (not susceptible to change at any tem- 
perature attainable by the machine, which does not contain any 
acid or other deleterious matter, and which does not saponify 
when brought into contact with ammonia is used solely for 
lubricating purposes. Whereas, the oil used in the De La 
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Vergne system serves not only as a lubricant to the working 
parts, but also to partly carry away the heat of compression, 
and, further, to fill up the clearance spaces, as well as to seal the 
valves, glands, ifec, so as to prevent the escape and consequent 
inconvenient smell of ammonia. 

(3) In the Linde system a small quantity of liquid ammonia 
is introduced into the compressor during each suction stroke for 




Ship Refrigekatino Machinery on the Lindii System. 
By The Linde British Refrigerating Company. 

the purpose of cooling the vapour of ammonia. This liquid 
ammonia evaporates during compression, and thus the heat due 
to compression, which would otherwise appear as sensible heat, 
is thereby absorbed and rendered latent in producing the change 
in the physical state of the liquid. The curve of compression is 
thus kept down as nearly as may be to the isothermal line, and 
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the power required for compression is to this extent correspond- 
ingly reduced. 

Apparatus for Transmitting the Cold Produced to the Chambers 
requiring Refrigeration. — The following general principles are 
adopted for transferring the cold generated by the refrigerating 
machinery to the chambers or rooms requiring to be cooled. 

First Method. — An uncongealable solution of salt (chloride 
of sodium) in water is reduced by the refrigerating machine to 
a low temperature, and this liquor acts as transmitter of cold in 
one of the following methods : — 

(a) The cold brine is constantly circulated from the brine 
refrigerator through pipes placed in the refrigerated chambers, 
and returned to the brine cooler. The result is that not only 
is heat abstracted from the air of the refrigerated rooms, but 
also a large degree of the moisture which may be present in 
them. This moisture is condensed on the exterior of the brine 
pipe systems either in the form of condensed water or hoar-frost. 
Suitable drip trays are provided, in order to prevent this 
moisture from falling upon the contents of the rooms. The cir- 
culation of air with this system is a moderate one, being produced 
merely by the differences between the temperatures prevailing 
near the brine-pipes and those in the lower parts of the 
rooms. 

{h) The brine is cooled in a shallow rectangular open tank con- 
taining the evaporator coils. On the tank is mounted a number 
of slowly revolving transverse shafts, and on each shaft is fixed 
a number of parallel discs, partly immersed in the brine, the 
entire apparatus being placed in an insulated passage through 
which an air current is continually passed by a fan, in a direction 
parallel to the revolving discs. It will be seen, that as the discs 
revolve and are kept covered by a film of the refrigerated brine, 
the air passing between the disc-spaces becomes cooled, and pro- 
duces a low temperature in any chamber or room into which it 
may be conducted through properly arranged air-trunks. As a 
rule the air is always taken back from the cold rooms, passed 
over the discs and returned to the cold rooms, and any required 
amount of fresh air is introduced by means of adjustable openings 
in the air-trunks, communicating with the outer atmosphere. 
In this instance, also, moisture may be removed from the 
refrigerated rooms and deposited in the brine contained in the 
trough. No accumulation of frost can take place, and the 
refrigerated surfaces are always perfectly active. The circum- 
Etance of all moistiire being deposited in the brine necessitates 
either a periodical loss of the same or its re-concentration. The 
fan produces a very efiective air circulation within the rooms to 
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be cooled. This in most cases is extremely desirable, and, as will 
be readily understood, produces the most beneficial results. 

Second Method. — Instead of using an uncongealable liquid as 
a bearer of cold, the refrigerator coils (in which the vaporisation 
of the liquid anhydrous ammonia takes place) are sometimes con- 
structed with extra large surfaces, and placed either in the upper 
part of the rooms to be cooled, or in a separate chamber. In tbe 
latter case, a fan constantly circulates the air between this 
chamber and the refrigerated rooms. This is the system gener- 
ally adopted on board ships, and has been found to be in all 
respects most satisfactory. In cases where the air temperature 
is not sufficiently high to cause a complete removal of the snow 
deposited on the ammonia-coils, the snow is thawed by the 
ammonia vapours themselves, the evaporator-coils being for the 
time used as a condenser. Occasionally the snow is thawed by a 
current of hot air taken from the outside. 

Although all of these methods have beenapplied on an extensive 
scale, the system most strongly recommended in cases where 
its application is possible is the combination of revolving discs 
immersed in brine. There are no brine or ammonia pipes in 
the rooms ; whilst the rapid air circulation by the fan is easily 
managed, and has been found in most cases to be requisite for 
obtaining a satisfactory result as to purity, dryness, and equable 
temperature in all the rooms. 

Where circumstances require the refrigerated rooms to be at a 
distance from the refrigerating machine, it is generally most 
convenient to place bundles of brine pipes in each room ; but 
even in such a case, in the event of a small amount of motive 
power being available close to such rooms, the system ot revolving 
discs and fans can be readily applied, the brine being cooled in a 
refrigerator near the compressor, and conveyed to and from the 
disc tanks through insulated pipes. 

A large beef-chilling plant on the Linde system was erected in 
the beginning of 1890 at the Woodside lairage of the Mersey 
Dock and Harbour Board. It is capable of chilling 660 carcases 
of beef, each weighing about 9 cwts., from 90 degrees Fahr. to 33 
degrees in 17 hours. It consists of a horizontal compound 
tandem jet-condensing steam engine, which drives a double-acting 
Linde compressor at the rate of about 65 revolutions per 
minute, when supplied with steam at 120 lbs. pressure from a 
marine type boiler. The air-cooling apparatus consists of two 
disc tanks, placed above the chill rooms, at one end. Each disc 
system has its own fan, which draws the air from the top of each 
of the chill rooms, passes it over the discs, and drives it into the 
rooms at the opposite end to that from which it is withdrawn. 
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The ammonia condenser is placed in the compressor- room, and is 
supplied with cooling water by a pump which takes its supply 
from a well, fed with the drainage water from the Mersey Tunnel. 
After passing through the ammonia condenser the water is used 
in the condenser of the steam engine. There are six chill rooms, 
each about 55 ft. long by 14 ft. wide, and about 13 ft. high. 
The walls of the rooms are built of brick, with air spaces. The 
floors are cement, and the ceilings are timber, covered with a 
layer of fine ashes. The air-cooling apparatus is contained in an 
insulated casing, which is so arranged as to cause the air to 
come in contact with the cooled surfaces of the discs. 
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Pneumatic Tools. — The pneumatic tools of the pre.sent day, 
form most useful appliances in up-to-date engineering shops. 
They are adaptable to many kinds of work of which the fol- 
lowinn; are a few examples : — 

Classes of Pneumatic Hammers. — These may be divided into 
two classes — (a) the valveless hammer, and (b) the valve hammer. 

(a) The valveless hammer, as its name implies, has no separate 
valve, but its striking piston or plunger does duty as a valve, 
and regulates the proper admission of air to alternate ends of 
the working cylinder. 

(6) The valve hammer has a reciprocating valve placed either 
horizontally or vertically, which controls the admission of the 
air to the working cylinder and also the exhaust therefrom. 
The valve hammer is the type in general use throughout 
engineering shops and shipyards, since the valveless hammer 
is too rapid and light in its blow. The estimated number of 
strokes per minute of the "valve hammer" is from 700 to 
2,000 ; whereas, in the case of the " valveless hammer," they 
may vary from 10,000 to 18,000 strokes per minute. 

Uses and Capabilities of Pneumatic Hammers. — When used 
for caulking, they will perform the work of three to four skilled 
hand caulkers. When used in the foundry for scarfing or 
dressing castings, they will do the work of from four to five 
men. In general chipping, they will do the work of at least 
three men. They are also used in stone dressing, lettering, 
and carving, with considerable saving in time and cost. 

The Cleveland Hammer.* — A further development of pneumatic 
chipping and caulking hammers, is found in the hand pneu- 
matic riveting hammer. We have here chosen to illustrate 
and describe the "Cleveland Hammer," which is very strong 
and at the same time simple in construction, for it has only one 
solid steel valve. 

Action of the Cleveland IIam,mer. — Referring to the diagram, 
with index to parts, of this hammer, it will be seen, that it 
consists of the handle, H, which is connected to the barrel, B, 
by the coupling sleeve, C S. Inside this barrel is placed the 
plunger, P, whilst between the end of the barrel and the handle 
is secured a valve block button, V B^, and valve block, V Bo, 
in which the valve, V, works. Compressed air is admitted to 
the interior of the hammer by the action of the trigger or latch, 
L, upon the latch valve pin, V P, which in turn acts upon the 
latch valve, L V, and valve spring, V S. The compressed air 

*We are indebted to Messrs. John TurnbuU, Jun., & Sons, Hydraulic 
and Pneumatic Engineers, Glasgow, for the original figures from which 
the illustrations in this article were produced. 
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when admitted, passes through a hollow chamber in the handle, 
H, and acts upon the valve, V, thus rapidly moving the plunger, 
P, backwards and forwards. A rivet set, R S, is placed in the 
end of the hammer or tool nose, T N, and held by a spring 




Sbctional View of a "Cleveland" Pneumatic Hammer. 
Index to Parts. 



H for Handle. 

V P ,, Latch valve pin. 

V C , , Latch valve casing. 

V S ,, Latch valve spring. 
L V , , Latch valve. 

LP ,, Latch pin. 

L ,, Latch. 

V Bj , , Valve block button. 
V „ Valve. 



C S for Coupling sleeve. 



B 
P 
TN 
VB 
SH 
RS 
CB 



Barrel. 
Plunger. 
Tool nose. 
Valve block. 
Spring holder-on . 
Rivet set. 
Cap bolt. 



holder-on, S H. The rivet set, E, S, must be placed hard on 
the rivet, before the compreesed air is admitted, otherwise the 
plunger and rivet set would be blown out of the hammer. 

Capabilities of the Cleveland Hammer. — With one of these 
riveting hammers a man can fix and finish 100 of |-inch rivets, 
90 of |-inch, 80 off-inch, and 70 of |-inch per hour. 

Sizes and Speeds of Cleveland Hammers. — These hammers are 
made in thirteen sizes to take in all classes of riveting work. The 
strokes of the various sizes are as follows : — 



5-inch stroke, . 


800 strokes per minute. 


6 „ „ . . , 


• . 775 „ 


7 


. . 750 „ 


8 ,, „ . . . 


. . 725 „ 


9 „ 


700 „ 



This allows for a variety of work ranging from ^inch cold rivets 
up to and including l^inch hot rivets. 

Pneumatic Holder-up. — When riveting with pneumatic ham- 
mers, it is always best to use a pneumatic holder-up, so that 
the head of the rivet shall be kept close up to the plate. Owing 
to the rapid succession of blows given by these hammers, the 
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The pneumatic holder-up consists of a piston placed inside a 
cylinder, into which compressed air is admitted. The end of 
the piston being kept up to the rivet head by the air pressure 
in its cylinder. 

Pneumatic Plant. — The following plant would be required for 
working a number of these hammers : — 

1. Air compressor, either belt, steam, or electrically driven. 

2. An air receiver, to hold not less than the output of the air 
compressor for one minute. This receiver forms an important 
part of the air compressing plant. It receives the air in pulsa- 
tions from the air compressor, until a pressure of about 100 lbs. 
per square inch is obtained, and then delivers it to the tools in 
a steady, even fio'V, . It also receives any moisture which may 
be in the compressed air, and provision must be made in the 
receiver for drawing off this moisture. 

3. Lines of wrought-iron piping, for conveying the compressed 
air to convenient parts of the workshop. These pipes should 
be fitted with air strainers, in order to clear the compressed 
air, as far as possible, from grit, (fee. 

4. Lengths of flexible tubing or rubber-lined hose pipes, to 
form the connection between the line of wrought-iron air pipes 
and the pneumatic tools. 

5. Pneumatic tools to perform the work desired. 
Advantages of Pneumatic Plant for Riveting, Chipping, and 

Caulking. — 1. This system is perhaps the best of all when 
applied to suitable machines, since compressed air, on account 
of its comparatively low pressure and weight, is more easily 
distributed than water. 

2. There is not much risk from freezing, which is an advantage 
where plant, pipes, and tools are of necessity exposed to cold 
weather. In cases, however, where the compressed air had been 
allowed to contain a certain percentage of moisture in it, there 
has been a little trouble in the winter time, due to ice forming 
in the pipes. 

3. The cost of a complete pneumatic plant, is said to be not 
quite so much as that for a corresponding hydraulic one. 

4. As previously mentioned in this article, much more and 
quite as good work can be done, than by ordinary hand riveting, 
chipping, and caulking. 
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Lkctdre VI. — QnESTioNS. 

1. Explain the fundamental principles upon wliich a refrigerating 
machine works. Note specially what becomea'of the different quantities of 
heat generated and absorbed. 

2. Sketch the essential parts of a refrigerator, and describe its action. 

3. What are the advantages which a vapour possesses over a permanent 
gas, such as air, for ref rigerative purposes ? 

i. What are the requirements of an economical medium for use in a 
refrigerator ? 

5. Sketch and explain the plant required for producing cold by means of 
carbon dioxide. 

6. Explain the reasons that have led to the adoption of anhydrous 
ammonia in most modern refrigerators, and mention some of the properties 
of this vapour. 

7. Sketch and describe any well-known arrangement for refrigeratmg, 
asing anhydrous ammonia. 

8. Explain and illustrate some of the ways of communicating cold to a 
chamber from a refrigerator. 

9. Sketch a longitudinal section of a pneumatic hammer and describe 
concisely its construction, action, and uses. State the advantages which 
are claimed for this hammer in riveting, chipping, and caulking work. 
Compare the work done by it with ordinary hand riveting, chipping, and 
caulking. 

10. Describe and sketch any refrigerating system you may be acquainted 
with. Give the temperatures at the different stages. Give particulars of 
any parts which are subjected to pressure, and state the pressures to 
which these parts are subjected. {From the Board of Trade Examination, 
for Extra Ohief Marine Engineers, Oct., 1904.) 

11. Describe, with sketches, the hydraulic apparatus in connection with 
a hydraulic riveter, and investigate what effect a long line of pipe of small 
diameter between the accumulator and the riveter has on the pressure 
applied to close the rivet. Sketch, roughly, an indicator diagram for the 
riveter ram, and trace on it the various losses, &c. 

(C. & G., 1904, H., Sec. C.) 

N.B. — See Appendices B and C for other questions and answers. 
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APPENDIX A (p. 2-24 to p. 229). 

().) General Instructions by The Board of Education for their Examina- 
tions on Applied Mechanics. 

(ii.) General Instructions by The City and (Guilds of London Institute 
for their Examination on Mechanical Engineering. 

(iii.) Rules and Syllabus of Examinations by The Institution of Civil 
Engineers for Election of Associate Members. 



APPENDIX B (p, 230 to p. 258). 

(i. ) Board of Education's Exam. Papers in Applied Mechanics, Stages 2 
and 3. The City and Guilds of London Institute's Honour.-! 
Exam. Papers in Mechanical Engineering. And, The Institution 
of Civil Engineers' Exam. Papers in Hydraulics, arranged in 
the order of the Lectures. 

(ii.) All new Answers to Questions for the respective Lectures are 
tabulated under the two main headings — ej'i/ter Board of Education 
and City and Guilds or Institution of Civil Engineers. 

APPENDIX C (p. 259 to p. 262). 

The latest Exam. Papers pertaining to Hydraulics and set by the 
governing bodies enumerated under Appendix A. 

APPENDIX D (p. 263 to p. 268). 

Tables of Constants, Logarithms, Antilogarithms, and Functions of Angles. 
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MAY EXAMINATION ON SUBJECT VIlA. 
APPLIED MECHANICS.* 

BY THE BOARD Of EDUCATION SECONDARY BRANCH, 
SOUTU KENSINGTON, LONDON. 



GENERAL INSTRUCTIONS. 
If the rules are not attended to, your paper will be cancelled. 

Immediately before the Examination commences, the follovdng 

REGULATIONS are TO BE READ TO THE 

CANDIDATES. 

Before commencing your work, j'ou are required to fill up the numbered 
Blip which is attached to the blank examination paper. 

You may not have with you any books, notes, or scribbling paper. 

You are not allowed to write or make any marks upon your paper of 
questions, or to take it away before the close of the examination. 

You must not, under any circumstances whatever, speak to or communi- 
cate with one another, and no explanation of the subject of examination 
may be asked or given. 

You must remain seated until your papers have been collected, and then 
quietly leave the examination room. None of you will be permitted to 
leave before the expiration of one hour from the commencement of the 
examination, and no one can be re-admitted after having once left the room. 

Your papers, unless previously given up, will all be collected at 10 
o'clock. 

If any of you break any of these rules, or use any unfair means, you will 
be expelled, and your paper cancelled 



Before eommeneing your work, you must carefully 
read the following instructions :— 

Candidates vjho have applied for examination in the Elementary Stage 
must confine themselves to that stage. Candidates who have not applied to 
take the Elementary Stage may take Stage 2, or Stage 3, or, if eligible, 
Honours, hut they must confine themselves to one of them. 

Put the number of the question before your answer. 

You are to confine 3'our answers strictly to the questions proposed. 

Such details of your calculations should be given as wil! show the 
methods employed in obtaining arithmetical results. 

A table of logarithms and functions of angles and useful constants 
and formulas is supplied to each candidate. (See end of Appendix to 
this Book.) 

The examination in this subject la.ttsfor three hours. 
'See Appendix C for the latest Exam. Papers. 
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DEPAETMENT OF TECHNOLOGY. 



TECHNOLOGICAL EXAMINATIONS. 



46. — MECHANICAL ENGINEERING.* 

Honours Grade (Written Examination), 

Instructions. 

The Candidate for Honours must have previously passed in the Ordinary 
Grade, and ia required to pass a Written and Practical Examination. He 
is requested to state, on the Yellow Form, whether he has elected to be 
examined in A, Machine Designing, or in B, Workshop Practice (a) Fitting, 
(h) Turning, (c) Pattern-making. Candidates in Machine Designing must 
forward their work to London not later than May 6th, t and in Workshop 
Practice not later than May ISth.t 

The number of the question must be placed before the answer in the 
worked paper. 

The Candidate is at liberty to use divided scales, compasses, set squares, 
calculators, slide rules, and mathematical tables. 

Five marks extra will be awarded for every answer worked out with the 
slide rule, provided the method of working is explained. 

The maximum number of marks obtainable is affixed to each question. 

Three hours allowed for this paper. 

The Candidate is not expected to answer more than eight of the following 
questions, which must be selected from two sections only. 

* The questions in Sections A and C may be answered from Vols. I. to 
V. of my Text-Book on Applied Mechanics. Section B is printed in my 
Text-Book on Steam and Steam Engines. The Questions for the Ordinary 
Grade are printed at the end of my Elementary Manual on Applied 
Mechanics. 

* See Appendix C for the latest Exam. Papers. 

t These dates are only approximate, and subject to a sKght alteration 
each year. 
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Extracts from Rules and Syllabus op Examinations for 
ELECTION OF ASSOCIATE MEMBERS. 

Note. — Engineers who desire to enter for the A.M.Inst.C.E. examina- 
tiona should write at once to the Secretary, Great George Street, West- 
minster, S. W., for the complete Rules, Syllabus, and Application Forms. 
They will find all the questions relating to the above mentioned subjects 
which have been set since these examinations commenced in 1897 in my 

Text-Books. 

The following extracts are simply printed hero to show how far my books 
npon Applied Mechanic* and Mechanical Engineering ; Steam and Steam 
Engines, including Turhima and Boilers; as well as Magnetism and Electricity 
(including Munro & Jamieson's Pocket- Book 0/ Electrical Rules and TaMes), 
together with my " Correspondence System of Electrical and Mechanical 
Engineering Science, as taught by Exercises, Drawings, and Instructions" 
cover the Scientific and Practical Knowledge demanded by the Institution, 
under Part II., Section A (1, 2, 3a, and 36), as well as Section B under 
Group i. , Theory of Heat Engines ; Group ii. , Hydraulics and Theory of 
Machines ; and Group iii. , Applications of Electricity. 

Note for Students. — In the regulations for Students one of the subjects 
which may be selected is that of Elementary Mechanics of Solids and 
Fluids, for which see my Elementary Applied Mechanics when studying 
this subject. Also, see my Elementary Magnetism and Electricity book 
when reading that part of the Elementary Physics for admission of 
Students, or correspond with me re those two subjects. 

Paet II.* — Scientific Knowledge. 
Section A. 

1. Applied Mechanics (one Paper, time allowed, 3 hours). 

2. Strength and Elasticity of Materials (one Paper, time allowed, 

3 hours). 

* Candidates may offer themselves for examination in Sections A and B 
of Part II. together ; or they may enter for Section A alone, and, if suc- 
cessful, may take Section B at a subsequent examination. In the latter 
case, however, such candidates will not be allowed to present themselves 
for examination in Section B unless or until they are actually occupied in 
work as pupils or assistants to practising Engineers. The Council may 
permit Candidates who have attempted the whole of Part IL at one 
examination, and have failed in Section B only, to complete their qualifica- 
tion by passing in that section at a subsequent examination, subject to 
their being then occupied as above stated. 
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3. Either (a) Theory of Structures. 

or (h) Theory of Electricity and Magnetism (one Paper, 
time allowed, 3 hours). 

Section B, 

Tivo of the following nine subjects — not more than one from any group 
(one Paper in each sul^jeet taken, time allowed, 3 hours for each Paper) : — 

Group i. Group ii. Group iii. 

Geodesy. Hydraulics Geology and Mineralogy. 

Theory of Heat Theory of Machines. Stability and Resistance 

Engines, Thermo- and i^icctro- of Ships. 

Metallurgy. Chemistry. Applications of Elec- 

tricity. 

Mathematics. — The standard of Mathematics required for the Papers in 
Part II. of the examination is that of the mathematical portion of the 
Examination for the Admission of Students, though questions may be set 
involving the use of higher Mathematics. 

The range of the examinations in the several subjects, in each of which 
a choice of questions will be allowed, is indicated generally hereunder : — 



Section A. 

1. Applied Mechanics: — 

Statics. — Forces acting on a rigid body ; moments of forces, composition, 
and resolution of forces ; couples, conditions of equilibrium, witli applica- 
tion to loaded structures. The foregoing subjects to be treated both 
graphically and by aid of algebra and geometry, 

Hydrostatics. — Pressure at any point in a gravitating liquid ; centre of 
pressure on immersed plane areas ; specific gravity. 

Kinematics of Plane Motion. — Velocity and acceleration of a point ; 
instantaneous centre of a moving body. 

Kinetics of Plane Motion. — Force, mass, momentum, moment of 
momentum, work, energy, their relation and their measure ; equations of 
motion of a particle ; rectilinear motion under the action of gravity ; 
falling bodies and motion on an inclined plane ; motion in a circle ; centres 
of mass and moments of inertia ; rotation of a rigid body about a fixed 
axis ; conservation of energy. 

2. Strength and Elasticity of Materials:— 

Coefficients of elasticity ; elastic resistance to tension, compression, 
shearing, and torsion ; uniform and varying stress ; moment of stress 
and of resistance in beams of various sections ; distribution of shearing 
stress in beams ; stresses suddenly applied and eflfeots of impact ; buckling 
of struts ; effect of different end-fastenings on their resistance ; combined 
strains ; calculations connected with statically indeterminate problems, as 
beams supported at three points, &c. ; limit of elasticity, yield-point, and 
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ultimate resistance of various materials as tested : the plastic state ; 
principal forme of testing machines and of appliances use*! in measure- 
ments for the determination of coefficients of elasticity ; calculation of 
extension, deflection, buckling, &c., within elastic limits, and of ultimate 
strength and ductility for ordinary materials of construction. 

3. (a) Theory of Structures: — 

Graphic and analytic methods for the calculation of bending momenta 
and of shearing forces, and of the stresses in individual members of 
framework structures loaded at the joints ; plate and box girders ; incom- 
plete and redundant frames ; theory of continuous girders and principal 
methods of calculation ; travelling loads ; riveted and pin-joint girders ; 
rigid and hinged arches ; strains due to weight of structures ; theory of 
earth-pressure and of foundations ; stability of masonry and brickwork 
structures. 

3. (b) Theory of Electricity and Magnetism: — 

Electrical and magnetic laws, units, standards, and measurements ; 
electrical and magnetic measuring instruments ; the theory of the 
generation, storage, transformation, and distribution of electrical energy ; 
continuous and alternating currents ; arc and incandescent lamps ; 
secondary cells. 

Section B. 
Group i. Theory of Heat Engines: — 

Thermodynamic laws ; internal and external work ; graphical repre- 
eentation of changes in the condition of a fluid ; theory of heat enginei 
working with a perfect gas ; air- and gas-engine cycles ; reversibility, 
conditions necessary for maximum possible efficiency in any cycle ; pro- 
perties of steam ; the Camot and Clausius cycles ; entropy and entropy- 
temperature diagrams, and their application in the study of heat engines ; 
actual heat engine cycles and their thermodynamic losses ; eflfects of 
clearance and throttling ; initial condensation ; testing of heat engines, 
and the apparatus employed ; performances of typical engines of diSerent 
classes ; efficiency. 

Group ii. Hydraulics: — 

The laws of the flow of water by orifices, notches, and weirs ; laws 
of fluid friction ; steady flow in pipes or channels of uniform section ; 
resistance of valves and bends ; general phenomena of flow in rivers : 
methods of determining the discharge of streams ; tidal action ; genera- 
tion and effect of waves ; impulse and reaction of jets of water ; trans- 
mission of energy by fluids ; principles of machines acting by the weight, 
pressure, and kinetic energy of water ; theory and structure of turbines 
and pumps. 

Theory of Machines: — 

Kinematics of machines ; inversion of kinematic chains; virtual centres; 
belt, rope, chain, toothed and screw gearing; velocity, acccleratioa 
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and effort diagrams ; inertia of reciprocating parts ; elementary cases of 
balancing ; governors and flywheels ; friction and efficiency ; strength and 
proportions of machine parte in simple cases. 

Group iii. Applications of Electricity : — 

Theory and design of continuous- and alternating-current generators and 
motors, synchronous and induction motors and static transformers ; design 
of generating- and sub-stations and the principal plant rec[uired in them ; 
the principal systems of distributing electrical energy, including the 
arrangement of mains and feeders; estimation of losses and of efficiency; 
principal systems of electric traction ; construction and efficiency of the 
principal types of electric lamps. 



W Candidates should see, that all their " Forms" are duly completed and 
passed by the Council of the Institixtion of Civil Engineers, Great 
George Street, Westminster, S.W., hefore 1st January for the Feb 
ruary Examination, and hefore the 1st September for the Octobei 
Examination. Candidates should, therefore, apply to the Secretary 
for the " Forms," ai least six months before these Examinations, to 
give them time to make due and proper Application, and to 
thoroughly Revise the subjects upon which they are to be examined 
with an experienced Guide and Tuition by Correspondence. 

Examinations Abroad. — The papers of the October Examination 
only will be placed before accepted Candidates in India and the 
Colonies. To enable the Secretary to make arrangements for the 
Application Forms and Fees, &c., of these Candidates, their Forms, 
&c., must be in the Secretary's hands, before the 1st June preceding 
the October Examinations. 

N.B. — See Appendix C for the latest Exam. Papers in Hydraulics. 
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Lecture I. — Ordinary Questions. 

1. Sketch any form of water accumulator with which you are acquainted, 
and yxplam tlje advantages it possesses over the arrangement in which the 
pumps pump water directly into the mains. In an accumulator the total 
force in lbs. , due to cup leather friction, may be taken equal to '047 p d, 
where p is the pressure in lbs. per square inch and d is the diameter of the 
ram in inches. The ascending pressure is 1,250 lbs. per square inch, and 
the diameter of the ram is 6 inches. Calculate the descending pressure, 
and deduce the efficiency of the accumulator as a storer of energy. 

(C. &G., H., Sec. C, 1903.) 

2. Define what is meant by the terms coefficient of velocity, contraction 
and discharge, in connection with the flow through orifices. A vessel 
containing water and having a circular orifice, 1 inch in diameter, in one of 
its sides is supported in such a way that when a jet of water issues from 
the orifice the displacing force can be very accurately measured. With a 
constant head of 2j feet of water above the orifice, the displacing force (at 
the centre of the orifice) was found to be "9 lb. and the discharge ISJ gallons 
per minute. Determine the three coefficients. (C. & G., H., Sec. C, 1903. ) 

3. When suction pumps are run at too high a speed, "shock" or 
"separation" takes place. Explain, as clearly as possible, the precise 
action and upon what the limiting speed depends. A single-acting suction 
and lift plunger pump, whose piston has a diameter of 12 inches and a 
stroke of 2 feet, with a suction pipe 33 feet long and 10 inches diameter, 
has a lift of 20 feet — the barometric head being 34 feet of water. Assum- 
ing that the piston moves in a simple harmonic manner, find tlie limiting 
number of revolutions per minute of the crank-shaft below which separa- 
tion will not take place at the commencement of the stroke. 

(C. &G.,H., Sec. C, 1903.) 

4. Describe, with the aid of sketches, any hydraulic pumping engine with 
whicli you are acquainted in which the delivery is tlie same for both strokes. 
Show, in particular, the arrangement of valves. (C. & G. , H., Sec. C, 1903.) 

5. Calculate in tons per minute, the quantity of water which will 
enter a floating tank through an aperture in the bottom, which is IJ feet 
square, the depth of the orifice below still water being originally 9 feet. 
Moreover, if the tank be 10 feet square in plan, and the top be originally 
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5 feot above water level, estimate how long it will take to sink the tank. 
You may assume that the ooetKcient of discharge is '62, and that the 
weight per cubic foot of water is 64 lbs. (C. & G., H. , See. C, 1904.) 

6. Explain precisely the object and method of action of an air vessel 
when placed on the delivery pipe of a reciprocating pump, and sketch a 
self-acting arrangement whereby air may be injected into the air vessel to 
keep up the supply. Why does the efficiency of a reciprocating pump depend 
so much on the head against which it pumps? (C. & G., H., Sec. C, 1904.) 

7. Answer one only of the following (a), (h), or (c) :— (a) Describe how 
you would proceed to determine experimentally (i.) the velocity ratio, (ii. ) 
the mechanical efficiency of a differential pulley block, (b) Describe how 
you would carry out an experiment to determine the discharge of water 
through a sharp-edged circular orifice on the side of a water tank, say of 
half an inch diameter, its centre being two feet below the water surface. 
What sort of result would you expect to obtain ? (c) Wishing to know the 
proper breadth and depth of a beam of some new kind of timber to carry a 
certain load, you experiment with a small beam, describe how you would 
proceed and what use you would make of your results. (B. of E. , S. 2, 1904. ) 

8. In a hydraulic machine what resistance has the pressure to over- 
come ? A load of 8 tons is raised by the ram of a hydi-aulic press for a 
distance of 15 feet. The head of water in the hydraulic mains supplying 
the ram with water is 1,600 feet. What must the volume of the ram be 
if the mechanical efficiency is 75 per cent. ? (B. of E. , S. 2, 1904.) 

9. The ram of a hydraulic accumulator is 4 inches in diameter. The 
pressure of the water from the accumulator is to be 1^ tons per square 
inch, and the water is used to work the hydraulic ram of a testing machine, 
which is OJ inches in diameter, (a) What total load must be placed on 
the 4-inch ram if 5 per cent, of the load is wasted in the friction of the 
cup leathers, &c.? (6) What total load is the testing machine capable of 
applying, if there is a further loss of 5 per cent, in the cup leathers of the 
large cylinder? (B. of E., S. 2, 1905.) 

10. In a hydrauUo crane the piston is 9 inches in diameter, and the 
velocity ratio (or the ratio between the velocity of the lift and the velocity 
of the piston) is 10. The water is delivered to the crane under a pressure 
of 1,200 lbs. per square inch, and the mechanical efficiency of the crane is 
52 per cent. Find (i.) what load this crane will lift ; (ii.) the quantity of 
water used in gallons per 35-foot lift. Why do these cranes have such a 
low mechanical efficiency? (B. of E., S. 2, 1905.) 

11. In the case of a crane operated by hydraulic power explain, with the 
aid of a sketch, any device whereby severe shocks may be prevented if, 
when the load is being lowered, the exhaust valve is accidentally closed. 

(C. &G., H., Sec. C, 1905.) 

12. Define the coefficients of "velocity," "contraction," and "discharge," 
as applied to the flow through orifices. The water in a cylindrical cistern 
of 1 square foot sectional area is 16 feet deep. Upon opening an orifice 
1 square inch area in the bottom, the water fell 7 feet in one minute. 
Wnatis the coefficient of discharge? (G. & G., H., Sec. C, 1905.) 

13. A vertical wall, 12 feet high and 3 feet thick, built of masonry which 
weighs 150 lbs. per cubic foot, is subjected on one face to water pressure. 
What is the maximum depth of water behind the wall which is permissible, 
if the resultant force on the base of the wall is not to pass outside the 
outer edge of the wall. (B. of E., S. 2, 1907.) 

14. The following results were obtained during an experiment to deter- 
mine the quantity of water which would be discharged through a small 
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circular orifice in the side o£ a tank, 
had sharp edges, was 1 inch : — 



The diameter of the orifice, which 



Number 


Duration 


Actual Discharge. 


Head of Water above 


of Experiment, 


of Experiment. 


Centre of Orifice. 




Minutes. 


Lbs. 


Inches. 


1 


15 


576 


1-5 


2 


15 


660 


20 


3 


15 


733 


2-5 


4 


15 


827 


3-27 


5 


15 


915 


4 01 


6 


15 


1,011 


5-0 


7 


10 


7.37 


6-0 


8 


10 


788 


7-0 

1 



Plot on squared paper a curve to sliow the relation between the discharge 
in lbs. per minute and the head of water above the centre of the orifice. 
From your curve determine the discharge in gallons per hour when the 
head of water was 5^ inches. Plot also, on squared paper, a curve to show 
the relation between the discharge in lbs. per minute and the square root 
of the head of water above the centre of the orifice. From your curve what 
would you consider the relation to be between quantity of flow and head ? 
Determine for each of the experiments in the above table the " coefficient 
of discharge" for this orifice, and plot a curve to show the relation between 
"coefEcient of discharge" and head of water. (B. of E., S. 2 and 3, 1907.) 

15. Make a section of a hydraulic riveter, pointing out the advantages of 
a hydraulic riveter, and sketch the accumulator which is most used with 
a riveter. (C. & G., 1907, H., Sec. C.) 

16. Make a careful section of a double-acting plunger pump driven 
tandem from a steam engine. The valve passages and the arrangement of 
valves must be clearly shown. (C. & G., 1907, H., Sec. C.) 

17. The sluice of a dock is closed by a vertical gate 6 feet wide and 
5 feet deep ; on the one side of the gate the head of water is 33 feet above 
the bottom edge of the gate, and on the other side the head of water is 
15 feet above this edge. Find the resultant pressure upon this gate, and 
the point at which it acts. (B. of E., S. 2, 1908.) 

18. Deduce an expression for the total pressure and the centre of pressure 
of water on a plane surface. A masonry dam, supporting water pressure, 
has a vertical face for 16 feet below the surface of the water, a face sloping 
1 to 6 from 16 feet to 30 feet, and 1 to 3 from 30 feet to 42 feet. Find 
graphically the magnitude and position of the resultant water pressure for 
a length of 10 feet of the dam. (C. & G., 1908, H., Sec. C.) 



LBcinRE III. — Ordinary Questions. 

1. Water at a pressure of 700 lbs. per square inch is supplied to 3 
hydraulic crane, and 11 cubic feet are used in lifting 15 tons through a 
height of 18 feet. How much energy has been given to the crane ? How 
much energy has been wasted? (B. of E., Adv., 1903.) 

2. Why are water-pressure engines generally uneconomical at low loads ? 
Describe, with the aid of sketches, two methods by which a water -pressure 
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may be made economical at varying loails (i.) by a suitable arrangement of 
valves, (ii.) by varying the stroke. (C. & G., H., Sec. C, 1905.) 

3. Sketch a hydraulic iutensifier in sufficient detail to show the principle 
of its action, and give some illustration of its use. 

(C. &G., H., Sec. C, 1906.) 



Lecture IV. — Ordinaky Questions. 

1. A fire engine supplies water at a pressure of 40 lbs. per square inch to 
a pipe .3 inches diameter. The pipe is led a distance of 100 feet to a nozzle 
if inch diameter, at a height of 25 feet above the pump. Find the quantity 
discharged per second and the height to which the jet can rise — having 
given that the coefficient of friction of the pipe is '02, that the frictional 
resistances in the nozzle can be neglected, and that the actual height the 
jet rises is three-quarters of the head due to the velocity of efflux. Find 
also the pumping horse-power. (C. & G., H., Sec. C, 190.3.) 

2. Describe the two possible modes of flow of water along a pipe, and 
discuss any experiments that have been made to determine the velocity at 
which steady motion becomes eddy motion, or conversely. On what does 
the critical velocity depend ; and how docs the loss of head per unit length 
of pipe depend on the velocity of flow and the diameter of the pipe 
(i.) below the critical velocity, (ii. ) above the critical velocity? 

(C. &G., H., Sec. C, 1904.) 

3. A hydraulic motor is fed through a 4-inch pipe from an accumulator 
one mile away, which works at a pressure of 700 lbs. per square inch. If 
the total loss of head in the mains is three times that due to skin friction 
alone, and if the coefficient of friction in the ordinary formula for loss of 
head is '0075, estimate the horse-power delivered to the motor and the 
efficiency of transmission, when the velocity of the water in the pipe is 
6 feet per second. (C. & G., H., Sec. C, 1904.) 

4. Sketch the arrangement usually adopted in locomotives for picking up 
water without stopping. The height at which the water is delivered in the 
tender is 8 feet above the level of the water in the trough. Estimate the 
least speed of the locomotive, in miles per hour, at which the water may be 
picked up, assuming that half the kinetic energy of the water at the inlet 
is lost in overcoming frictional resistances. If, when the speed of the 
locomotive is 40 miles an hour, the sectional area of the stream at delivery 
into the tender is 10 inches by 5 inches, estimate the quantity scooped up 
in gallons per second, and also the additional resistance due to the action 
of the scoop. (C. & G., H., Sec. C, 1904.) 

5. Distinguish between impulse and reaction turbines, and point out the 
relative advantages and disadvantages of each kind. An impulse turbine 
of the axial flow type receives water under a head of 50 feet in a direction 
making an angle of 30° with the tangent to the wheel. The water is dis- 
charged from the wheel in a direction parallel to the axis of rotation with 
a velocity due to a head of 5 feet of water. Neglecting frictional resistances 
of all kinds, find, graphically or otherwise, (i.) the circumferential velocity 
of the wheel, (ii. ) the vane angle at inlet, and (iii. ) the vane angle at exit. 

(C. &G., H., Sec. C, 19U4.) 

6. Discuss, briefly, the advantages of compound centrifugal pumps when 
lifting against a big head. If a centrifugal pump is used simply to circulate 
water against a resistance — as in a condenser — and not to lift the water, 
show that, if the pump works under similar conditions at all speeds, the 
efficiency is constant, and the quantity of water circulated is proportional 
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to the speed of the pump— all hydraulic resistances, both in and outside 
the pump, being taken to vary as the square of the velocity of flow. 

(C. &G.,H., Sec. C, 1904.) 

7. A hydraulic lift, with ram, load, &o., weighs 10 tons, the ram is 
9 inches in diameter, and the friction in the mechanism is equal to '05 of 
the gross load. The accumulator is half a mUe away and is loaded to 800 
lbs. per square inch, the diameter of the supply pipe is 3 inches. Esti- 
mate the speed of ascent of the lift if the loss of head in the pipe is 
-0005 iv'^ld; I being length in feet, d diameter in feet, v the velocity of 
water in the pipe in feet per second. (B. of E., S. 3, 1904.) 

8. A jet of water, of circular section, 1 inch in diameter, the velocity 
being horizontal and normal to the section, comes from a vessel which is at 
rest. The centre of the section is 5 feet below the atmospheric level of the 
water in the vessel What is the velocity ? What is the weight of water 
flowing per second ? What is the momentum (in engineers' units) lost by 
the vessel per second ? What is the horizontal force acting on the vessel ? 

(B. of E., S. 2, 1905.) 

9. A set of pumping engines has to deliver 4,000,000 gallons of water per 
24 hours through an 18-inch pipe, which is 74 miles long, and the total 
lift is 336 feet. If the coefficient of friction of the water in the pipe is 
/= 0-0055. Find (i.) the additional lift due to the friction of the pipe ; 
(ii. ) the horse-power expended in maintaining this rate of discharge. 

N'.B. — The loss of head in feet due to friction when water is flowing 
through a pipe of diameter d feet and I feet long, with a velocity of V feet 

per second, is 5 — -. In this formula m is the hydraulic mean depth, 
■^fi"" (B. of E., S. 3, 1905.) 

10. Explain precisely why the discharge, under varying heads, of water 
over a triangular notch can be more accurately estimated than over a 
rectangular notch. How does the discharge over a triangular notch vary 
with the head, and why is the discharge over a broad rectangular notch 
very accurately expressed by the formula : — 

a(b- fjh) h^, 

in which h is the breadth of the notch, h the depth of water, and a and /3 
two empirical coefficients? (C. & G., H., Sec. 0, 1905.) 

11. It is desired to pump 10 cubic feet of water per minute through a 
nozzle at the end of a hose pipe of 3 inches diameter and 100 yards long, 
and to deliver it at a height of 100 feet. The actual lift of the jet is 
three-quarters the head due to the velocity of efflux, and the combined 
efficiency of engine and pump is 0'6. Taking the ordinary law for the loss 
of. head in the hose pipe, and assuming a coefficient of friction of 0'036, 
estimate the diameter of nozzle required and the I. H. P. of the engine. 

(C. &G., H., Sec. C, 1905.) 

12. Describe, with sketches, how you would measure the quautitj' of 
water flowing down a small stream. (B. of E., S. 2, 1906.) 

13. In a shale mine in order to drain one of the pits a treble ram pump, 
driven by an electric motor, is employed. The rams are 91 inches diameter 
by r2-inch stroke, they each make 34'75 strokes per minute, the height to 
which the water is lifted is 393 feet, and the total length of the 6-inch 
discharge pipe is 700 feet. Find (a) how many gallons of water are 
lifted per minute ; (6) how many foot-lbs. of useful work are done per 
minute; also, what is the useful horse -power when the pumps are 
running steadily ; (c) how many foot-lbs. of work are done per minute 
in overcoming the friction in the pipe (the coefficient of friction is 
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0'0075) ; (d) the B. H.P. required to lift the water and overcome the pipe 
friction. (B. of E., S. 2 and 3, 190(5.) 

14. Show that the Lowell formula for a rectangular gauge notch is a 
rational formula. It is (for sharp edges at sides and sill)— 



: = 3-33 L 



1 



)h*, 



where Q is in cubic feet per second, L and H being in feet. Describe, 
with sketches, how you would measure the quantity of water flowing 
down a small stream. (B. of E., S. 3, 1906.) 

15. State the usual formula for the loss of head in closed pipes, and point 
out how it may be experimentally determined in the case of small pipes, 
A. horizontal lead pipe, 0'4 inch diameter and 3 '48 feet long, has two 
pressure gauges inserted at the two ends. The difference of pressure for 
different rates of flow are observed, and the results are : — 



Velocity of flow in feet per second («), 


8-04 


11-67 


14-43 


17-41 


19-90 


Diiferenee of head in feet of water {h), 


3 03 


6-11 


9-07 


12-21 


15 62 



Assuming h oc v", find the best average value of n. 

(C. &G., H., Sec. C, 1906.) 

16. When 60 H.P. are delivered hydraulically into a mile of straight 
horizontal pipe at a pressure of 700 lbs. per square inch, it is found that 
52 H.P. are available at the other end. If 40 H.P. are delivered at a 
pressure of 800 lbs. per square inch into a pipe having a diameter three- 
quarters that of the first, but double its length, estimate what horse-power 
would be available at the motor, the coefficient of friction being the same 
in both pipes. (C. cfe G., H., Sec. C, 1906.) 

17. Explain the considerations which govern the discharge of water 
through orifices, and show that in no case can the coefficient of contraction 
be less than a half. (C. & G., H., Sec. C, 1906.) 

18. A fire engine supplies water at a velocity of 6 feet per second in a 
pipe 3 inches diameter. This pipe is led a distance of 100 feet to a nozzle, 
-J inch diameter, 25 feet above the pump. If the coefficient of friction be 
taken as 0-02, and the actual lift three-quarters of the theoretical, find the 
height to which a vertical jet will rise, and the required pressure at the 
pump end of the main in lbs. per square inch. (C. & G., H., Sec. C, 1907.) 

19. Describe some form of water meter for gauging the flow of water in 
pipes. (C. & G., H., Sec. 0, 1907.) 

20. A locomotive, going at 40 miles an hour, picks up water from a 
trough. The tank is 8 feet above the mouth of the scoop, and the cross- 
section of the delivery pipe is 50 square inches. If half the available head 
is wasted at entrance, find the velocity at which the water is delivered 
into the tank, and the number of tons lifted in a trench 500 yards long. 
What is the minimum speed at which the water can be picked up ? 

(C. &G., H., Sec. C, 1907.) 

21. A direct -acting hydraulic lift is supplied with water from an 
accumulator at a pressure of 300 lbs. per square inch. The ram of the lift 
is 1 1 inches in diameter, the cylinder is 12 inches in diameter, and the 
supply pipe from the accumulator ia 6 inches in diameter and 1,000 feet 
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long. What load can be raised at a steady speed of 3 feet per second if 
there is a loss of 20 per cent, due to the friction of the ram of the lift, and 
bends, &c., in the pipe? Use the formula for friction in the pipe, loss of 
head = 0-02 lv-/2gd (feet-second units). (B. of E., S. 3, 1908.) 

22. The velocity of flow of water through a pipe delivering water into a 
house is 16 feet per second, and the length of the pipe is 60 feet. If a 
valve on this pipe is completely shut so that the quantity delivered per 
second diminishes at a uniform rate in 0'35 second, what will be the mean 
increase in pressure at a point near the valve ? Neglect the motion of the 
water beyond the 60-foot length of pipe. (B. of E., S. 3, 1908.) 

23. Water enters a vessel vertically and leaves by two horizontal jets 
each of 2 inches diameter with a velocity of 20 feet per second, one in the 
north and the other in the north-east direction ; the vessel is kept at rest 
by a horizontal string, what is the pull in the string and what is its 
direction ? Make a sketch giving your notion of how this experiment 
might be carried out. (B. of E., S. 3, 1908.) 

24. The discharge of water from a reservoir is determined by the flow 
over a rectangular weir 8 feet wide with sharp edges to give full end 
contractions. The mean head over the weir is 9 '3 inches; calculate the 
discharge in cubic feet jjcr minute if the coefficient of discharge of the 
weir is 0-615. (C. & G., H., See. C, 1908.) 

25. State the laws of friction for liquids against solid surfaces, and deduce 
an expression for the coefficient of friction for a liquid flowing through a 
pipe in terms of the dimensions of the pipe and the mean velocity of the 
water. In a laboratory experiment on a pipe f inch internal diameter, 
and 72 inches in length between the gauge points, a discharge of 3,900 cubic 
inches was obtained in five minutes, and the mean difference of head 
between the gauge points was 8'54 feet of water. Assuming that the 
resistance to flow varies as the 1"73 power of the velocitv, calculate the 
coefficient of friction. (C. & G., 1908, H., Sec. C.) 



Lecture V. — Ordinary Questions. 

1. The rim of an inward flow turbine moves at a speed of 30 feet per 
second, and the vanes are there at right angles to the rim. Water enters 
the rim with a radial velocity of 5 feet per second. If the water is to 
enter without shock, what must be the angle between the rim and the 
guide blades ? Find the weight of water entering per second if the cir- 
cumferential area of all the openings of the rim is 2 '4 square feet. 

(B. of E., Adv., 1903.) 

2. A centrifugal pump lifts 6 '2 cubic feet of water per second to a heigho 
of 7 feet with an efficiency of 45 per cent. It is direct-driven by a con- 
tinuous current electro-motor which works at 200 volts and whose efficiency 
is 85 per cent. , what current must be supplied to the motor ? The current 
comes from a station to the motor through leads whose resistance is 1'12 
ohms ; what horse-power is lost in heating the leads? (B. of E., S. 2, 1904.) 

3. Why is the quantity of water actually lifted by a reciprocating pump 
invariably smaller than the theoretical quantity corresponding to the space 
swept through by the piston ? Explain the advantages of having a number 
of small valves of low lift, rather than a larger valve of greater lift, and 
point out the effect on "slip" and "work expended" of having sprinc 
valves, (C. & G., H., Sec. C, 1905.1 

4. Explain how a reaction turbine works, and how you would design the 
guides and vanes in order to ensure the greatest efficiency. What are the 
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advantages of "compounding" turbines? In a test of a small compound 
turbine the pressure at the entrance to the guides was 37 lbs. per square 
inch gauge, and it discharged into the atmosphere. When the revolutions 
were 1,644 per minute, the water used per minute was 366 lbs., and the 
turning moment on the spindle — as measured by a dynamometer — was 
2'2 foot-lbs. Estimate the useful horse-power of the turbine and its 
efficiency. (C. & G., H., Sec. C, 1905.) 

5. Make a sketch of a section of what you consider a well-designed 
centrifugal pump, and if the speed of the wheel at exit, the radial velocity 
with which the water leaves the wheel, and the vane angle at exit are 
all known, show how the work expended on the pnmp per lb. may be 
estimated. How does curving back the vanes at the discharging edge 
affect the efficiency, and what disadvantages arise if the angle is made too 
small? (C. & G., H., Sec. C, 1905.) 

6. The supply of water for an inward-flow turbine installation is 500 
cubic feet per minute, and the available head is 40 feet. The vanes are 
radial at the inlet, the outer radius is twice the inner, the constant velocity 
of flow is 4 feet per second, and the revolutions are 350 per minute. Find 
the velocity of the wheel, the guide and vane angles, the inner and outer 
diameters, and the width of the buckets at the inlet. 

(C. &G., H., Sec. C, 1906.) 

7. What is the object of adding a vortex chamber to a centrifugal pump, 
and why is a vortex chamber not so necessary when the blades are curved 
backwards? The velocity of flow through a centrifugal pump is 4 '5 feet 
per second, and the blades make an angle of 20° with the tangent at the 
outer circumference. Find the velocity of the wheel rim so that the water 
may be pumped against an actual head of 6 feet, assuming the efficiency of 
the pump to be 0-6. (C. & G., H., Sec. C, 1906.) 

8. The rim of a turbine is going at 50 feet per second. 100 lbs. of fluid 
enter the rim each second with a velocity in the direction of the rim's 
motion of 60 feet per second, leaving it with no velocity in the direction of 
the wheel's motion? What work is done per second upon the wheel? 
What work is done per lb. of fluid ? If the total energy per lb. of fluid is 
h foot-lbs., and if 12 per cent, is lost in friction, find h. If the velocity 
of the water perpendicular to the rim's motion is 10 feet per second, and if 
the fluid enters the wheel without shook, draw the angles of the guide 
blade and vane at the entrance. (B. of E., iS. 2 and 3, 1907.) 

9. In an outward - flow turbine, with parallel crowns, the head is 
140 feet, the discharge is 220 cubic feet per second, the flow velocity head 
is 8 per cent., and the other losses 14 per cent, of the available head. 
The velocity of the wheel at inlet is 0'9 the initial velocity of whirl. 
Design the guides and vanes, and determine the velocity of the wheel. 

(C. & G., H., Sec. C, 1907.) 

10. Make a section of a centrifugal pump suitable for pumping against a 
high head. Discuss what effect the shape of the casing has on the working 
of the pump and on the efficiency. (C. & G. , H., Sec. C, 1907.) 

11. In a test of a small 12-inch Pelton water-wheel the following results 
were obtained: — Mean effective load on rope brake, 27 '2 lbs. ; effective 
diameter of brake pulley, 7 inches ; revolutions per minute, 308 ; diameter 
of nozzle of supply pipe, J inch ; quantity of water per hour passing 
through the wheel, 355-2 cubic feet. Determine (a) the horse-power given 
to the wheel by the water, (6) the horse-power given off at the brake, 
(c) the efficiency of the wheel. (B. of E. , S. 2, 1908.) 

12. Three cubic feet of water leave the wheel of a centrifugal pump per 
second ; the radius there is 1 foot, breadth of the wheel is O'l foot, what 
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is the radial velocity of the water? The pump runs at 600 revolutions per 
minute, and the vanes direct the water backwards at 30° to the rim, what 
is the velocity of the water just after leaving the wheel ? What is the 
component of this in the direction of motion of the rim of the wheel ? 

(B. of B.,S. 2, 1908.) 

13. The pressure at the inside radius of the wheel of a radial-flow 
turbine is 2,000 lbs. per square foot; the wheel has a velocity of 12 radians 
per second ; the inside radius is 0"4 foot, and the outside 0'8 foot. Very 
little water is flowing through, the head being nearly in a state of balance. 
Draw a curve showing how the pressure varies in the wheel. 

(B. of E., S. 2, 1908.) 

14. Deduce an expression for the impulsive pressure of a jet of water 
impinging axially on a hemispherical cup, and show that the work done is 
a maximum when the velocity of the cup in the line of the jet is one-half 
the velocity of the water. Show what applications these results have had 
in the design of Pelton wheels, and also what modifications have been 
found desirable to secure high efficiency. (C. & G., H., Sec. C, 1908.) 

15. Classify the methods of regulation of turbines, and state what are 
the advantages and disadvantages of each method. Describe one form of 
relay governor for a turbine, and point out any special features of interest 
in the form you describe. (C. & 6. , H. , Sec. C, 1908. ) 

16. Describe one form of inward-flow reaction turbine. A turbine of this 
class is supplied with 600 cubic feet of water per minute at a head of 
36 feet. The wheel is 24 inches in diameter at inlet and 12 inches in 
diameter at outlet. The peripheral speed of the wheel is 32 feet per 
second, and the radial velocity of the water through the wheel is 6 feet 
per second. Determine the breadths of the wheel and the blade angles 
at inlet and outlet if the water enters the wheel with a velocity due to 
55 per cent, of the actual head and leaves radially. Also determine the 
angle of the guide blades at the periphery of the wheel and the hydraulic 
efficiency. (C. & G., H., Sec. C, 1908.) 

17. Explain what is meant by a forced vortex, and deduce an expression 
for the head produced by it in the wheel of a centrifugal pump between 
the inner and outer radii. Calculate the diff'erenoe of head produced by 
the forced vortex set up in the wheel of a centrifugal pump running at 
200 revolutions per minute if the inner diameter is 2 feet and the outer 
diameter 4 feet. (C. & G., H., Sec. C, 1908.) 
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Lecture I.— I.C.E. Questions. 

1. A rectangular sluice, 4 feet square, turns on a horizontal hinge at its 
top edge, the hinges being immersed 2 feet. Find the total force on the 
sluice and also the horizontal force which must be applied at the bottom 
edge of the door in order to keep it closed against this pressure. 

(I.C.E., Oct., 1903.) 

2. Describe, with sketches, a hydraulic jack. The diameter of the ram 
of a hydraulic jack is 1 j inch, the diameter of the plunger is | inch, and 
the mechanical advantage of the handle is 10. Find the total mechanical 
advantage. (I.C.E., Oct., 1903.) 

3. A uniform raft of rectangular section, which, when floating freely, is 
immersed to two-thirds its depth, has one end stranded so that the lower 
edge is in the plane of floatation, as in figure. If the ends be assumed 




vertical in the position of equilibrium, show that the upper edge of the sea 
end is also in the plane of floatation, and that the pressure on the wall end is 
W/4, Where W is the weight of the raft. (I.C.E., Feb., 1904.) 

4. A lock gate is 35 feet wide, and the heights of the water above the 
bottom of the gate on the two sides are 26 and 13 feet respectively. Find 
the resultant pressure and the height, measured from the bottom of the 
gate, at which it acts, the weight of water per cubic foot being 64 lbs. 

(I.C.E., Feb., 1904.) 

5. Describe the action of a bucket-and-plunger pump. What is meant 
by "slip" of a pump, and how can it be reduced? What are the other 
causes of loss of energy in such a pump 1 (LC.E., Feb., 1904.) 

6. Ofive a sketch and explain the method of action of the pulsomeier 
pump. (I.C.E., i'W., 1904.) 

7. A hydraulic crane is required to lift 4 tons through a height of 
40 feet ; the maximum travel of the ram is 8 feet, and the water pressure 
700 lbs. per square inch. Determine a suitable diameter for the ram and 
sketch, and describe the arrangement of the cylinder and multiplying 
gear. (I.C.E., Oct., 1904.) 

8. Describe, with sketches, a hydraulic accumulator. The ram of an 
accumulator has a stroke of 20 feet, and the pressure in the cylinder 
is 1,000 lbs. per square inch. The capacity of the accumulator is 
3 H. P. -hours. Find the diameter of the ram and the load on the carriage. 

(I.C.E. Oct., 1904.) 

9. A diving bell, of uniform horizontal section, 10 feet high, and which 
initially is full of air at atmospheric pressure, is sunk in water so that its 
top is 100 feet below the surface. If the barometric pressure be equivalent 
to 34 feet of %\ ater, find the height to which the air will ultimately rise 
inside the bell. (I.C.E., Feb., 1905. 

10. Define what is meant by the centre of pressure on a flat immersed 
surface. A tank, the plan of which is a square of 10 feet side, has a plane 
rectangular bottom inclined at 80° to the horizontal. If the minimum 
depth of water in the tank be 10 feet, estimate the total pressure on the 
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bottom of the tank and the depth of the centre of pressure below the 
surface of the water. (I.C.E., Feb., 1905.) 

,11. A dock entrance is closed by a caisson, the depth of water being 
24 feet over the level floor. The width of entrance is 40 feet at the floor 
and 48 feet at the water-level, the side walls having a straight batter. 
Find the total horizontal force due to hydrostatic pressure upon the 
caisson. Find the true centre of action of the horizontal pressure. 

(I.C.E., Feb., 1905.) 

12. Two pontoons are designed with the same breadth of 12 feet, and 
the same draught of 6 feet : the one having an immersed section of 
rectangular form 12 feet x 6 feet, while the immersed section of the 
other is a semicircle. Find the position of the metaoentre in each case. 

(I.C.E., Feb., 1905.) 

13. Sketch carefully and describe some form of valve for controlling the 
supply and exhaust to a hydraulic crane or press. The packing arrange- 
ments are to be clearly shown. (I.C.E., Feb., 1905.) 

14. Make careful sketches showing in detail the construction of some 
form of double-acting, reciprocating pump, suitable for pumping water 
against a pressure of 700 lbs. per square inch or higher. The packing 
arrangements and the details of the valves are to be clearly shown. 

{I.C.E., Feb., 1905.) 

15. A ship sinks 2 inches on entering a river and then rises IJ inches on 
discharging 40 tons of cargo. Find its original displacement. Specific 
gravity of sea water = 1-025. (I.C.E., Feb., 1906.) 

16. Describe how water under pressure is causad to do work ; and sketch 
a satisfactory form of hydraulic lift. (I.C.E., Feb., 1906.) 

17. State the law governing the transmission of pressure by fluids. In 
a hydraulic jack, the diameters of the ram and the plunger are 3 inches 
and 1 inch respectively, the lever arm of the force about the fulcrum is 
20 times that of the plunger, and the efficiency is 70 per cent. Calculate 
the load lifted by a force of 50 lbs. What is the pressure in the hydraulic 
cylinder? {I. C. E., Oci., 1906.) 

18. A tidal flap, uniform in section and weighing 2,000 lbs., is 4 feet wide 
and 6 feet deep. It hangs on a horizontal hinge through the top edge, at 
an angle of 60° with the horizontal. Assuming that the water level on the 
outer side is 0'26 foot, measured vertically, below the hinge, find the water 
level on the inner side, relative to the hinge, when the flap is just about 
to open. (I.C.E., Feb., 1907.) 

19. A diving bell is in the form of a hollow circular cylinder 8 feet high 
inside, open at the bottom and closed at the top. When the axis is 
vertical and the bottom just touches the water surface, it is fiUed with 
air at atmospheric pressure, 15 lbs. per square inch, and at a temperature 
of 60° F. It is lowered gradually into the water, the axis remaiming 
vertical, until its bottom end is 20 feet below the surface. Find the 
height to which the water rises inside the bell, and the pressure of the air 
inside, the temperature remaining the same. Find also the air pressure 
in lbs. per square inch which must be supplied to the bell to keep the 
water out. (I.C.E., Ort., 1907.) 

20. Find an expression for the depth below the surface of the centre of 
pressure on one side of a vertical plane immersed in a fluid. A circular 
plate is placed vertically in water, and just touches the surface. Its 
diameter is 3 feet. B^ind the depth of the centre of pressure on one side, 
having given that the second moment or moment of inertia of a circle 

-tout a diameter is ^^^^ (I.C.E., Oct., 1907.) 



I.C.E. QUESTIONS. 241 

21. A U-tube of uniform section contains mercury. In one branch is also 
some water which fills 3 inches of the tube above the mercury in that 
branch. Find the difference in level of the surfaces of the mercury in the 
two branches, (a) when both ends of the tube are exposed to the atmo- 
sphere, (6) when the end containing mercury only is exposed to a pressure 
of 1 lb. per square inch, the other end being exposed to the atmosphere. 
The specific gravity of mercury is 1.3'6. (I.C.E,, Feb., 1908.) 

22. Make sketches of one of the following : — (a) A hydraulic accumulator, 
(h) a hydraulic intensifier, (c) a hydraulic riveter with automatic return. 
The sketches should be in good proportion and show an accurate knowledge 
of detail. (I.C.E., Feb., 1908.) 

23. Explain why a pump cannot, by suction, lift water through a height 
equal to 34 feet. Why is it advisable to fit air vessels on to the auction 
and delivery pipes of reciprocating pumps, and why are such air vessels 
not necessary on the suction and delivery pipes of centrifugal pumps ? 

{I.G.E., Feb., 1908.) 

24. A hydraulic accumulator has a lift of 5 feet ; the diameter of the 
ram is 8 inches ; the pressure per square inch in the accumulator is 700 lbs. 
per square inch ; find the energy of the accumulator in horse-power 
hours. The accumulator works in conjunction with pumps working a 
hydraulic crane. The crane ram has a stroke of 6 feet and is 9 inches 
diameter ; it makes a stroke in 15 seconds. If the crane ram makes a 
stroke every IJ minutes, find the time for each stroke of the crane during 
which the pump is idle, and the minimum horse-power of the pump. 
Compare it with the horse-power that would be required if there were no 
accumulator. (I.C.E., Feb., 1908.) 

25. The flow of water through a V notch is given by the formula 

F = c H^, where c has the value 0'305 if F is in cubic feet per minute, 
and H the height of the water in the notch in inches. What are the 
dimensions of the coefficient c, and what is its value if F is in cubic 
metres per hour, and H is in centimetres? (I.C.E., Oct., 1908,) 

26. A vertical lock-gate has an aperture in it in the form of an equi- 
lateral triangle of 6 feet side, the lowest side being horizontal. The vertex 
of the triangle is 6 feet below the surface of the water. Find the total 
pressure and also the centre of pressure on a door closing the aperture ? 

(I.C.E., Oct., 1908.) 



Lecture III.— I.C.E. Questions. 

1. Explain by a sketch a method in which the pressure available in 
a hydraulic supply main may be intensified for use at a higher pressure. 

(LCE., Feb., 1904.) 

2. Describe, with the aid of sketches, a hydraulic intensifier. An 
intensifier is required to increase the pressure of 700 lbs. per square inch 
on the mains to 3,000 lbs. per square inch. The stroke of the intensifier 
is to be 4 feet, and its volume 3 gallons. Determine the diameter of the 
rams. (I.C.E., Feb., 1905.) 

3. Sketch and describe (a) some form of continuous registering meter, 
or (b) make diagrammatic sketches of a modern high-speed forging press, 
with intensifier and air accumulator. (I.C.E., Feb., 1908.) 
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Lecture IV. — I.C.E. Questions. 

1. What quantities would it be necessary to measure in order to arrive 
at the total ■' head " of each lb. of water flowing in a pipe when it arrives 
at a given cross-section ? Explain how they could be measured. 

(I.C.E., Oct., 1903.) 

2. In a divergent mouthpiece what considerations limit the size at the 
discharge end relatively to the contracted neck, in order that the mouth- 
piece may flow full ? (I. C. E. , Oct. , 1903. ) 

3. Water flows over a rectangular notch 3 feet wide to a depth of 
6 inches, and afterwards passes through a triangular right-angled notch ; 
find the depth of water through this notch. The coefficients of discharge for 
the notches are to be taken as '62 and '59 respectively. (I. C. E. , Oct. , 1903. ) 

4. What is the formula for resistance to the flow of water in a pipe ; if 
the diameter of a pipe is 2 feet 6 inches and the velocity of flow 3 feet per 
second, find the resistance to flow in a 100-foot length, and the work done 
per minute in overcoming this resistance. (I.C.E. , Oct., 1903.) 

5. A semi-circular channel 10 feet in diameter flows full of water ; com- 
pare its discharge with that of a rectangular channel of the same cross- 
sectional area 9 feet wide, lined with the same material, and having the 
same inclination. (I.C.E., Oct., 1903.) 

6. Two reservoirs, 10 miles apart, are connected by a pipe 3 feet in 
diameter, the diilerence in their water-levels being 40 feet ; if the inlet 
valve to the lower reservoir is partially closed, so that the water rises in a 
vertical tube, let into the pipe on the inlet side of the valve 20 feet above 
the level of the water in the reservoir, what would be the discharge of the 
pipe? (I.C.E., Oct., 1903.) 

7. Water impinges on the bucket of a Pelton wheel, with a velocity of 
100 feet per second, find the proper peripheral velocity of the wheel to 
obtain the maximum efficiency, giving proof. (I.C.E., Oct., 1903.) 

8. Explain the principle of the hydraulic ram, by means of which a 
stream of water can be made to pump part of its volume to a higher level. 

(I.C.E., Oct., 1903.) 

9. Water measuring 500,000 gallons per day is diverted from a stream 
at a point 30 feet above a hydraulic ram which it works ; find what quan- 
tity of the water the ram can pump to a height of 200 feet above its own 
level. (I.C.E., Oct., 1903.) 

10. Draw a current-meter and describe fully how it can be used to find 
the discharge of a river. (I.C.E., Oct., 1903.) 

1 1 . Write down a formula for the discharge of water over a weir and ex- 
plain why it takes that particular form. How can the values of the 
coefficients be ascertained by experiment? (I.C.E., Feb., 1904.) 

12. At a drowned orifice 18 inches x 12 inches the water stands 12 
inches higher on the approach side than on the downstream side ; find the 
discharge through the orifice, and the width of a rectangular notch neces- 
sary to take this quantity of water with a depth of flow of 8 inches, the 
velocity of approach being negligible. (I.C.E., Feb., 1904. ) 

13. A pipe 30 inches in diameter branches into two pipes of equal 
diameter whose combined area equals that of the 30-inch pipe ; compare 
the loss of head in a mile of the latter pipe with that in a mile of the two 
pipes, the rate of flow being 4 feet per second. (I.C.E., Feb., 1904.) 

14. A channel, with a bottom width of 30 feet and side slopes of 2:1, 
flows full of water to a depth of 7 feet; find the velocity of flow in, and 
discharge of, the channel, the inclination being 1 in 5,000, and c in the 
Chezy formula 100. (I.C.E., Feb., 1904.) 
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15. A right-angled elbow, 12 inches diameter, is bolted to the vertical 
side of a tank containing water, the free surface of which is 20 feet above 
the centre of the horizontal portion of the elbow. Determine the tension 
in the connecting bolts, due to the water pressure, when water is being 
discharged through the elbow under the head in the tank. 

(I.C.E., Oct., 1904.) 

16. State Bernoulli's theorem. Water flows from an open tank into a 
vessel in which the pressure remains constant at 2 lbs. per square inch 
absolute, through a sharp-edged orifice 1 square inch in area. The surface 
of the water in the tank is kept at 15 feet above the centre of the orifice. 
Atmospheric pressure 15 lbs. per square inch. Find (i.) the velocity of 
discharge, (ii.) the discharge in gallons per hour. (I.C.E., Oct., 1904.) 

17- Five cubic feet of water are discharged per second from a stationary 
jet, the sectional area of which is \ square foot. The water impinges 
normally on a flat surface, moving in the same direction as the water, with 
a velocity of 2 feet per second. Find the pressure on the plane in lbs., and 
the work done on the plane in horse-power. (I.C.E., Oct., 1904.) 

18. A canal has a top width of 12 feet, bottom width 6 feet, side slopes 
1 to 1, and longitudinal slope 2 feet per mile. Find the discharge per 
hour. State the value of the coefficient used, or use the value c = 75. 

(I.C.E., Oct., 1904.) 

19. Describe, with the aid of sketches, the method you would adopt to 
gauge the flow of a small stream, and show how you would determine the 
quantity of water per hour. State any advantages or disadvantages of 
the method you adopt. (I.C.E., Oct., 1904.) 

20. A district of 10 square miles area drains into a large reservoir. 
The maximum rate at which the rain falls in the district is IJ inches in 
24 hours. When rain falls after the reservoir is full it is discharged over 
a weir, the crest of which is level with the high- water level of the reservoir. 
Find the length of the weir so that the water in the reservoir shall never 
rise more than 15 inches above its high-water level. (I.C.E., Oct., 1904.) 

21. A pipe, 9 inches diameter and 1 mile long, connects two reservoirs. 
The pipe has a slope of 1 in 80. The level of the water is 25 feet above the 
inlet end and 6 feet above the outlet end. Neglecting all losses except 
skin friction, find the discharge and draw the hydraulic gradient. Deter- 
mine the pressure head in the pipe at a distance of half a mile from the 
inlet. The coefficient of friction may be taken as 0-007. (I.C.E., Oct., 1904.) 

22. How many water mains, 6 inches in diameter, will be required to 
deliver 1,000 H.P. at a pressure of 700 lbs. per square inch. State care- 
fully the velocity of flow assumed, and the reasons for choosing such a 
value. Calculate the percentage loss of energy due to friction for each 
mile length of the main. (I.C.E., Feb., 1905.) 

23. A conical pipe varying in diameter from 4 feet 6 inches at the large 
end to 2 feet at the small end forms part of a horizontal water main. The 
pressure-head at the large end is found to be 100 feet, and at the small end 
96-5 feet. Find the discharge through the pipe. (I.C. E. , Fah. , 1905. ) 

24. A pipe consists of half a mile of 12-inch and half a mile of 6-iuch 
pipe, and slopes at 1 in 100. The discharge is 2 cubic feet per second. 
Find the difference in pressure-head at the two ends of the pipe. 

(I.C.E. , Feb., 1905.) 

25. A cast-iron sewer pipe is 15 inches diameter. It is laid at a slope of 
1 in 1,000. How many gallons per day would be discharged— (a) when it 
is flowing full, (6) when the depth of the sewage is 6 inches ? 

26. A triangular notch, having an angle of 90 degrees, is used to measure 
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the flow of a stream, 
in the table : — 



Readings at intervals of 1 hour are taken, as shown 



Headiug. 


Head. 


Reading. 


Head. 


1 


. 4 inches. 


4 


. 7 inches 


2 


• 5 „ 


5 


. 6 .. 


3 


■ 6 „ 







Draw a curve showing the rate of discharge at any time, and show how 
you would determine the discharge between the time of the first and last 
reading. (I.C.E., Feb., 1905.) 

27. Water under a head of 60 feet is discharged through a pipe 6 inches 
diameter and 150 feet long, and then through a nozzle, the area of which is 
one-tenth the area of the pipe. Neglecting all losses but the friction of 
the pipe, determine the pressure on a fixed plate placed in front of the 
nozzle. (I.C.E., Feb., 1905.) 

28. A small brass cylinder of uniform diameter, fitted with a non-return 
valve, is used as a depth-gauge in sounding operations. If after a sounding 
the top is unscrewed and the cylinder is found to be two-thirds full of 
water, what is the approximate depth it has reached ? (I.C.E., Oct., 1905.) 

29. A line of piping has, in the upper portion of its length, a diameter 
of 15 inches for a length of 5,000 feet and an inclination of 4 per 1,000. 
A tapering pipe then reduces the diameter to 12 inches, which remains 
constant for a length of 2,000 feet, throughout which length the inclination 
is 3 per 1,000. Find the rate of discharge in cubic feet per second when 
the pipe is fully charged and is delivering freely at its termination. The 



equation of discharge may be assumed as q 



= 42/-f. 



where q denotes 



cubic feet per second, h the head lost in length I, and d the diameter in 
feet. (I.C.E., Oct., 1905.) 

30. Water is flowing through a circular pipe 4 feet in diameter under 
atmospheric pressure. At what depth is the discharge a maximum? 

(I.C.E., Oct., 1905.) 

31. A jet of water issues freely from a small orifice in the vertical side 
of a tank under constant head. The orifice is cut in a thin plate, and 
there is no loss of head at the orifice. Determine the path of the jet. 

(I.C.E., Oct., 1905.) 

32. Describe in algebraical terms the principle on which the Venturi 
meter is based. (I.C.E. , OcJ., 1905.) 

33. Describe the principle of action of (i.) a reducing valve, (ii.) an 
automatic ball air- valve, (iii.) a hydraulic ram for raising water. 

(I.C.E., Oct., 1905.) 

34. A jet of water, having an area of 6 square inches and a velocity 
of 50 feet per second, strikes perpendicularly a fixed plane of infinite 
extent. Find the pressure on the plane. Also find the normal pressure 
on the plane if the axis of the jet is inclined to the plane at an angle 
of 30°. (I.C.E., Oct., 1905.) 

35. A jet of water strikes a curved vane moving in a given direction with 
a given velocity. Show the form which must be given to the vane at the 
point at which the water strikes it in order that there may not be any 
shock. (I.C.E., Oct., 1905.) 

36. One hundred horse-power is to be transmitted to a distance of 5 miles 
with a loss of 15 per cent, of the head due to an accumulator pressure of 
750 lbs. per square inch. The beginning and end of the pipe are at the 
same elevation. Find the diameter of the pipe. The equation of discharge 
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in Question 29 may be used in this case, but with a coefficient of 36 instead 
of 42. (I.C.E., Oc«., 1905.) 

37. A pipe AB is fully charged with water at A. Two smaller pipes 
B C and B D convey the water from B to two points C and D. The length 
and diameter respectively of AB are 10,000 feet and 15 inches; of BC, 
10,000 feet and 12 inches ; of C D, 10,000 feet and 9 inches. Points C and 
p are respectively 50 feet and 80 feet below A. At all points the piping 
is under pressure except at C and D, where the water issues freely. Find 
the discharge at C and D, using the equation of discharge in Question 29. 

(I.C.E., Oct., 1905.) 

38. A tank 10 feet square and 10 feet deep has a circular orifice 4 inches 
in diameter in the bottom, wliich may be regarded as a thin plate. Water 
is admitted to the tank until it is full and is then shut off. In how many 
seconds will the tank be empty? (I.C.E. , Oct., 1905.) 

39. Give the expression for the total energy of a pound of water flowing 
in a pipe ; if the velocity of the water is 5 feet per second, its pressure 60 
lbs. per square inch, and the height of the axis of the pipe at the point in 
question is 10 feet above the datura, find its value. (I.C.E., Feb., 1906.) 

40. A pipe 9 inches diameter gradually contracts to 4 inches diameter, 
its axis being level. The tops of the two legs of a U-tube containing 
mercury are connected by tubes to the centres of tlie two sections, and it 
is found that the difference in the level of the mercury in the two legs 
is 6 inches. What quantity of water is flowing through the pipe? The 
speoific gravity of mercury is 13 '6. (i. C. E. , Feb. , 1906. ) 

41. Find wliat length of overflow weir is necessary to discharge a rainfall 
of 1 inch per hour over a watershed of 5,000 acres, if the height of the 
water over the crest of the weir is to be limited to 18 inches. 

(I.C.E., Feb., 1906.) 

42. Two service reservoirs of equal size, with vertical walls, are connected 
by a sluice 2 feet square. One of the reservoirs has been emptied for 
cleaning, and the depth of water in the other one is 20 feet. When the 
sluice is opened, find how long the water will take to attain the same level 
in the two if the area of each reservoir is 40,000 square feet. 

(I.C.E., i*'e6., 1906.) 

43. Derive the formula for the rate of flow of water in a pipe by 
equating the loss of head to the resistance. Taking a suitable value for 
the coefficient in the formula for velocity of flow, calculate the loss of head 
per mile in a pipe 30 inches diameter if the velocity of flow is 5 feet per 
second. {I.G.E., Feb., 1906.) 

44. Water flows out of a reservoir whose surface level is 150 feet above 
the datum for a distance of 5 miles, through a pipe 3 feet diameter, into a 
tank whose top water level is 125 feet above datum. Find the velocity of 
the water in the pipe and the rate of discharge into the tank. 

(I.C.E., Feb., 1906.) 

45. If, in the last question, a valve on the inlet to the lower tank be 
closed so as to reduce the velocity of flow to one-half of its original value, 
what would be the reading on a pressure gauge let into the pipe on the 
approach side of the valve? (I.C.E., Feb., 1906.) 

46. Find an expression for the power that can be transmitted by water 
flowing through a pipe of given size with a constant total fall. What 
proportion of the head would be lost in friction when the power delivered 
IS a maximum ? (I. C. E. , Feb. , 1906. ) 

47. Define what is meant by " hydraulic mean depth," and find its value 
in the case of a channel with a bed-width of 30 feet and side slopes of 
IJ horizontal to 1 vertical. If the longitudinal slope is 1 in 6,000 and n la 
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Kutter's formula equals 0'2, find the rate of discharge of the channel. 

sjm a; + 1-811 , /^, ,. , 0-0028I\ , . ^u u j v 

c = -^ — X r^, when x = jiil'G + : , m being the hydraulic 

n X + Jni ^ i I 

mean depth and i the inclination. (I.C.E., Feb., 1906.) 

4S. What is meant by a " forced " vortex ? If the -wheel of a centrifugal 
pump is 9 inches inside and 18 inches outside diameter, and revolves at 
the rate of 1,600 revolutions per minute, to what height is it capable of 
raising water ? Prove the formula made use of. If the pump is provided 
Avith a " whirlpool" chamber of twice the diameter of the wheel, to what 
additional height could the water be lifted? (I.C.E., Feb., 1906.) 

49. Define the principal causes of the variation of resistance to the flow 
of liquids in closed conduits and instance a formula comprising them. Give 
a general expression for each cause of resistance. Define (a) hydrostatic 
head ; (6) frictional head ; (c) hydraulic mean gradient ; (d) hydraulic 
mean radius. (I.C.E., Oct., 1906.) 

50. Top water-level in a reservoir is 725 feet above datum. Give 
velocity in feet per second, and discharge in gallons per hour at a point X, 
438 feet above datum and 11,976 yards from the reservoir, the main being 
6 inches in diameter with a free outlet and an evaluated coefficient of 86. 

(I.C.E., Oct., 1906.) 

51. The discharge calculated in the preceding question decreases by 66 
per cent, during the period of minimum flow. Give the pressure at X in 
lbs. per square inch during that period and the equivalent head in feet, the 
outlet being regulated to the reduced discharge. (I.C.E. , Oct., 1906.) 

52. Show graphically the proportional dimensions and radii for egg- 
shaped sewers. Give the limiting velocities for sewers of all classes. 
iState the rule for determining the size of an egg-shaped sewer from the 
ascertained diameter of a circular sewer of equivalent capacity. 

(I.C.E., Oct., 1906.) 

53. Give the diameter of a circular brick sewer to run half-full for a 
population of 80,000, the diurnal volume of sewage being 75 gallons per 
head, the period of maximum flow 6 hours, and the available fall 1 in 
1,000. (I. C. E., Oc«., 1906.) 

54. State the general formula for the discharge of water over a weir 
sharp-edged with a free overfall. Find the discharge in gallons per diem 
for a weir 3 feet wide with a still-water head of 2 inches. 

(I.C.E., Oct., 1906.) 

55. If the discharge last determined was passed through a right-angled 
triangular notch, what would be the head of water above the vertex of the 
notch? (I.C.E., Oci., 1906.) 

56. Sketch a submerged gauging -weir indicating the up-stream and 
down-stream heads. State how the discharge is calculated (a) by a 
single formula, and (6) by a double formula. (I.C.E., Oct., 1906.) 

57. Find the quantity of water discharged in gallons per minute from a 
circular orifice, 1 inch diameter, under a constant pressure of 34 lbs. per 
square inch, takingO-62 as the coefficientof discharge. {i.CE., Feb., 1907.) 

58. (a) Define the miner's inch; (6) express 10,000 gallons per hour in 
miner's inches. (I.C.E., Feb., 1907.) 

59. The discharge, stated in the previous question, when passed over a 
sharp-edged rectangular gauging-weir with two end contractions and a 
free overfall, produces a still-water head of 2J inches. Find the effective 
length of the weir. (I.C.E., Feb., 1907.) 

60. A rainfall of ,V inch per hour is discharged from a catchment area 
of 5 square miles. Find the still-water head when this volume flows 
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over a weir with a free overfall, 30 feet in length, constructed in six 
bays, each 5 feet wide, taking 0'60 as the coefficient of discharge. 

(I.C.E., Feb., 1907.) 

61. Find the inclination necessary to produce a velocity of 4i feet per 
second in a steel water-main, 31 inches diameter, wlien running full and 
discharging with a free outlet, using the formula — 

in which M, the coefficient of rugosity, has a value of 0'0042. 

(I.C.E., Feb., 1907.) 

62. Calculate the quantity delivered by the water-main in the preceding 
question per day of 24 hours. This amount, representing the water supply 
of a city, is discharged into the sewers at the rate of one-half the total 
daily volume in 6 hours, and is then trebled by rainfall. Find the 
diameter of a circular brick outfall sewer which will carry off the combined 
flow when running half -full, the available fall being 1 in 1,500, and taking 
a value of 0-0054 for M in the formula given above. (I.C.E., Feb., 1907.) 

63. Define "momentum "and "moment of momentum." A jet of water 
issues at a velocity of 100 feet per second from a nozzle 1 inch in 
diameter. Find the reaction on the nozzle. (I.C.E., Oct., 1907.) 

64. A short horizontal pipe connects two vessels. The height of the 
surface of the water above the centre of the pipe, in one vessel, is 
maintained at 20 feet, and the vessel is open to the atmosphere. In the 
second vessel the surface of the water is 3 feet above the centre of the 
pipe and the pressure on the surface of the water is 3 lbs. per square 
inch absolute. Find the discharge between the two vessels, taking the 
coefficient of discharge of the pipe as 0'8. (I.C.E., Oct., 1907.) 

65. State a formula for the flow over a sharp-edged weir, explaining the 
meaning of each term. Describe where and how you would measure 
accurately the head over the weir, and discuss the effect of (a) the form of 
the approaching channel, (b) the velocity of the water in the channel, 
(c) the form of the sill of the weir — on the discharge. (I.C.E., Oct., 1907.) 

66. Show that in a channel of uniform section and slope, on the 
assumption that all the resistance is due to friction on the wetted surface 
of the channel, the resistance in lbs. per square foot of wetted surface is 
¥ = w . m . i, w being the weight of a cubic foot of water in lbs. , m the 
hydraulic mean depth of the channel, and i the slope of the channel. 
Hence show, if F is supposed to vary with the square of the mean velocity 
V, that v = c Jm . i. (I.C.E., Oct., 1907.) 

67. Find the discharge of a canal of the section shown by the diagram, 
having a slope of 2J feet per mile, and side slopes of 1 to 1. The 



coefficient c in the formula given in the previous question may be taken 
as 95. (I.C.E., C»c(., 1907.) 

6S. The rate of flow through a transverse section of a large river is 
required. Describe carefully with the aid of sketches how you would 
proceed to determine the flow, and the apparatus you would use. 

(I.C.E., Oct., 1907.) 
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69. The difference of level of the surfaces of water in two reservoirs 
8 miles apart is 60 feet. A pipe is required to convey 6,000 cubic feet 
per hour from the higher to the lower reservoir. Find the diameter 
of a cast-iron pipe such that the given quantity will flow along it when 
it has become dirty. At a point 3 miles from the upper reservoir the 
centre of the pipe is 100 feet below the surface of the water in the upper 
reservoir. Find the pressure in the pipe. (I.C.E., Oct., 1907.) 

70. State Professor James Thomson's principle of "Similarity" and use 
it to show that the discharge in cubic feet per second through a right- 
angled sharp-edged triangular notch is Q = c . H*, H being the still- watei 
head over the apex of the notch in feet, and c a coefBcient. If c is 2 "6.35, 
find the discharge in gallons per hour when the still-water head over the 
apex of the notch is 4 inches. (I.C.E., Oct., 1907.) 

71. Find the horse-power of a pump required to raise 240 cubic feet per 
minute, through a height of 120 feet, the length of the delivery pipe being 
2 miles and its diameter 1 foot, and the efficiency of the pump 0'6. The 
head lost due to friction in feet for this particular pipe may be taken aa 
h = O'OOOS V- L, L being the length of the pipe in feet and v the velocity 
of flow in feet per second. (I.C.E., Oct., 1907.) 

72. Two cubic feet of water per second strike a fixed cup, as shown in 
the diagram. The inclination of the stream to the horizontal when it 
strikes the cup is 45°, and when it leaves it the inclination to the 
horizontal is 30°, as shown in the figure. The velocity of the jet is 



50 feet per second. If the cup is prevented from sliding horizontally by 
a force P, determine the magnitude of P in lbs. Find also the pressure on 
the cup perpendicular to P. (I.C.E., Oct., 1907.) 

73. State Bernoulli's theorem and show, by sketches, how it can be 
illustrated experimentally. Apply the theorem (a) to find the velocity of 
discharge of a fluid from a vessel throiigh a small sharp-edged orifice at a 
given depth h below the free surface of the fluid in the vessel, (6) to find 
the discharge through a short horizontal conical pipe, having given the 
diameter at each end of the pipe and the pressure head at each end. 

(I.C.E., Feb., 1908.) 

74. State what is meant by the coefficients of velocitj', contraction, and 
discharge of an orifice, and describe how you would determine them 
experimentally. A fluid, having a specific gravity of 0'5, is discharged 
from a vessel under a pressure of 50 lbs. per square inch absolute, through 
a sharp-edged vertical orifice 1 inch in diameter, into the atmosphere. 
Find the discharge in cubic feet per second. (I.C.E., Feb., 1908.) 
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7o. A ]et, issuing from a fire-hose nozzle 1 inch diameter, rises to a height 
of 121 feet. Fmd the discharge of the nozzle, assuming the atmospheric 
resistance is zero. The pressure per square inch in the delivery pump is 
100 lbs. per square inch. Determine the fraction of the head in the pump 
lost between the pump and the nozzle. Find also the force required to 
hold the nozzle in position. (I.C.E., Feb., 1908.) 

76. Determine the diameter of a brick-lined circular sewer, having a 
slope of 1 in 1,200, which will discharge 46 cubic feet per second when 
flowing full. The coefficient C in the formula v = G Jmi may be taken as 

C^ 1^7 



1 + ^ 

0-0001 jjiss 



or the logarithmic formula . j, 

™ '° " (I.C.E., Feb., 1908. 

77. The heads lost by friction in two pipes, each 10,000 feet long, wert 
as follows : — 



Diameter of Pipe 
in i'eet. 


Velocity in Pipe 
in Feet per Second. 


Head Lost in 
Friction. 


d. 
2 
2 
3 


V. 

2 
5 
5 


h. 

6 -38 
37-6 
22 '7 



Show that the head lost by friction can be expressed by the formula 



h = 



0-0004 ;;i»3^ 



I being the length of the pipe in feet. (I.C.E., Feb., 1908.) 

78. Find the time taken for the water in a tank, 80 feet long by 20 feet 
wide, to fall 8 feet when discharging through a horizontal pipe, 12 inches 
diameter and 400 feet long, having a sharp edge at both ends, and the 
centre of which is 16 feet below the surface of the water when the flow 
commences. (I.C.E., i^e6., 1908.) 

79. Explain how the principle of the conservation of energy is applied to 
obtain an expression for the energy of water due to its elevation, pressure 
and velocity. A water-main discharging 300 gallons per minute has a 
diameter of 5 inches at a gauge point where the pressure is 45 lbs. per 
square inch. At a second gauge point 25 feet below the first, and with a 
reduced diameter of 4 inches, the pressure in the pipe is 40 lbs. per square 
inch. Calculate the loss of head between the two sections due to friction 
and other resistances. (I.C.E., Oct., 1908.) 

80. A miner's inch has been defined to be the discharge through an orifice 
in a vertical plane of 1 square inch in area under an average head of 6-5 
inches of water. Show in what ways this definition lacks precision, and 
what further qualifications are necessary in order that the discharge shall 
be perfectly defined. Calculate the discharge per second from a circular 
orifice 1 inch in diameter under a head of 2 feet, if tlie coefficient of dis- 
charge is 0-b2. (I.C.E., Oct., 1908.) 
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81. Describe the construction and action of a Venturi meter, and deduce 
a formula for the discharge from a meter of this type. A Venturi meter 
in a 30-inch pipe line has a throat diameter of 12 inches, and the mean 
difference of head between the large and small sections was found to be 
14'6 feet of water during a period of 24 hours. Calculate the average 
discharge from the meter per hour. (I.C.E., Oct., 1908.) 

82. Assuming the formula v = C\Jmi show that the discharge of a channel 
of rectangular cross-section varies as 

-.3 

JWid 
where h is the breadth of the channel and d is the depth of water in it. 
A rectangular channel 40 feet wide is found to discharge 240 cubic feet 
per second when the depth of water is 2'5 feet. Calculate the discharge 
per second when the depth is 2-73 feet. (I.C.E., Oct., 1908.) 

83. Show that, on the assumption that the relation between the head h 
and the velocity v of water flowing over a V notch is expressed hyv^ — lgh, 
the discharge, Q, can be expressed in the form 



Q = jgCBH j2gW, 

where c is an experimental coefficient, B is the breadth of water at the 
weir and H is the head measured from the apex of the notch. Calculate 
the discharge per minute over a right-angled notch if the head is 9 '3 inches 
and the value of the coefficient is 0-617. (I.C.E., Oct., 1908.) 

84. State the laws of friction of water against solid surfaces, and express 
these laws in a form applicable to the case of the loss of head due to the 
friction of water in a pipe. The following observations were recorded of 
an experiment on a 12-inoh water-main having a distance between the 
gauge points of 100 feet : — 



Discharge per 
Minute in 
Cubic Feet. 


Loss of Head 

in Feet of 

Water. 


Discharge per 
Minute in 
Cubic J'eet. 


Loss of Head 

in Feet of 

Water. 


61-3 


0-053 


179-1 


0-352 


103-7 


0-136 


230-9 


0-545 


136-7 


0-212 


273-3 


0-740 



Determine the relation between the loss of head h and the mean velocity 
of the water v, assuming tliat it has the form 



h = 



cv^l 
di ' 



where I is the length and d is the diameter of pipe and c is a coefficient. 

(I.C.E., Oct., 1908.) 
85. Describe how j-ou would proceed to gauge the discharge of a river 
about 300 feet wide and having a maximum depth of 35 feet. Explain in 
some detail the apparatus you would prefer to use, the observations you 
would talie, and how you would reduce them to obtain an accurate value 
of the discharge. {I.C.E., Oct., 1908.) 
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Lecture V.— I.C.E. Questions. 

1. The casing o£ a loentrifugal pump is full of water, but the valve in 
the delivery pipe is closed ; if the diameter of the pump-disc is 12 inches, 
and it is rotated at 1,200 revolutions per minute, find the pressure at the 
delivery valve, the length of the suction-pipe being negligible. 

(I.C.E., Od., 190.3.) 

2. Explain the essential diflferences in working and design of impulse 
and pressure or reaction turbines. (I.C.E., Feb., 1904.) 

3. In an inward-flow turbine, subject to a constant head of water, why 
is the distribution of pressure in the wheel conducive to steady running 
when the power required varies, and why does the opposite effect obtain 
in the case of an outward-flow turbine ? (I.C.E., Feb., 1904.) 

4. What is meant by the efficiency of a turbine ? Explain fully how you 
would proceed experimentally to find the rate of running that would give 
the best efiiciency for a particular turbine. (I.C.E., Feb., 1904.) 

5. Sketch and explain the construction of a centrifugal pump, and point 
out the means taken to diminish the losses of energy. (I. O.E. , Oct., 1904.) 

6. An inward-flow turbine wheel works under a head of 60 feet, and 
makes 380 revolutions per minute. The diameter of the outer circum- 
ference of the wheel is 24 inches and of the inner circumference 12 inches. 
The velocity of the water entering the wheel is 44 feet per second, and the 
angle it makes with tangent to the wheel is 10 degrees. Assuming the 
velocity of flow through the wheel to be constant, determine graphically 
the direction of the tangent to the vane of the wheel at the inlet and 
outlet. Sketch a suitable form for the vane. Determine the hydraulic 
efficiency of the turbine. (I.C.E., Oct., 1904.) 

7. Show that the eiBciency of a Pelton wheel is a maximum — neglecting 
frictional and other losses — when the velocity of the cups equals half the 
velocity of the jet. 25 cubic feet of water are supplied per second to a 
Pelton wheel through a nozzle, the area of which is 44 square inches. The 
velocity of the cups is 41 feet per second. Determine the H.P. of the 
wheel, taking a reasonable value for the efficiency. (I.C.E., Feb., 1905.) 

8. Prove, that if a mass of water enter the wheel of a centrifugal pump 

with no component tangential to the wheel, the theoretical height to which 

V V 
the water will be lifted is A = , where V equals the velocity of the 

outer periphery, and v the component of the velocity of the water when it 
leaves the wheel along the tangent to the wheel. If V is 60 feet per 
second, and the radial velocity of flow 5 feet per second, and the angle the 
tangent to the vane makes with the direction of motion is 120 degrees, 
determine h, and also the pressure-head at the point where the water 
leaves the wheel. ( I. C. E. , i?e6. , 1 905. ) 

9. AB and AC are two lines inclined at 30 degrees. A jet of water 
moves in the direction A C with a velocity of 24 feet per second, and a 
vane in the direction A B with a velocity of 12 feet per second. Show how 
to find the form of a vane so that the water may come on it tangentially, 
and leave it in a direction perpendicular to the direction of motion of the 
vane. Determine the pressure on the vane in the direction of motion due 
to each pound of water striking the vane. (I.C.E., Feb., 1905.) 

10. A reaction wheel is revolving with a given velocity V, and from its 

orifices water is issuing with a given velocity v. Show that for each 

V'{t,_V) 2V 

lb. of water the useful work = — ^^ .and the eificiency = ^jijTy- 

^ (I.C.E., Oct., 1905.) 
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11. A Pelton wheel 3 feet diameter revolvea at the rate of 200 revolu- 
tions per minute, the velocity of the jet of water impinging on the buckets 
being 80 feet per second. Find the hydraulic efficiency of the wheel. 
What should its velocity be for the eiBciency to be a maximum ? 

(I.C.E.,Fe6.,1906.) 

12. Define impulse and reaction turbines. What is the efficiency of a 
turbine delivering 6,000 horse-power when 193,620 gallons of water per 
minute pass through it under a head of 136 feet? (I.C.E., Oct., 1906.) 

13. Water flows through a circular penstock, 30 inches in diameter, at a 
mean velocity of 50 feet per minute. Find the head of water at the centre 
of the opening when the discharge is 450 gallons per minute. 

(l.C.'R.,Feb., 1907.) 

14. (a) Sketch an end view or vertical section of an overshot water- 
wheel, indicating the head and tail races, total head, entrance fall, exit 
fall, and the angles of entry and exit. (6) State the two fundamental 
requirements necessary to secure higli efficiency. (I.C.E., Feb., 1907.) 

15. (a) Find the theoretical H. P. of an overshot water-wheel, 22 feet 
diameter, using 2,000,000 gallons of water per 24 hours under a total head 
of 25 feet, (b) Express the hydraulic efficiency of an overshot wheel in 
terms of head, entrance fall, and exit fall. (I.C.E., Feb., 1907.) 

16. Make sketches showing the construction of a centrifugal pump. 
Explain the principal causes of loss of energy in the centrifugal pump, and 
show how in practice attempts are made to diminish these losses. 

(I.C.E., Oct., 1907.) 

17. A quantity of water, Q cubic feet per second, flows through 
a turbine, the initial and final directions of flow being known. Find the 
couple exerted on the turbine, and hence, when the angular velocity of 
the turbine is known, the work done on the turbine. If h is the total 
difference of level between the head and tail water of the turbine, u the 
velocity with which the water leaves the turbine, and the hydraulic 
efficiency of the turbine is t;, show that the total fraction of the head lost 
in the supply pipe, turbine wheel and casing, and delivery pipe, is 

k = l - -n-^- (I.C.E., Oct., 1907.) 

18. The water approaching a water-fall having a drop of 100 feet is 
measured by a weir 20 feet long ; the head over the weir is observed to be 
9 inches. If the water, instead of being allowed to pass over the fall, is 
led into a penstock and used to drive turbines, and 65 per cent, of the 
available energy is converted into useful work, find the horse-power of the 
turbines. The coefficient for the weir is to be taken as 3 '33. 

(I.C.E., Feb., 1908.) 

19. It is desirable that the turbines of Question 6 should be placed at 
least 15 feet above the bottom of the fall. Show, by sketches, the kind of 
turbine you would use, explaining carefully how full advantage is taken 
of the available head. If the velocity with which the water from the 
turbine enters the tail race is 10 feet per second and other losses are 
neglected, find the efficiency of the turbine. (I.C.E. , Feb., 1908.) 

20. Describe, by aid of sketches, either (i. ) the principal features of a 
hydraulic power-station for supplying water at 700 lbs. pressure per 
square inch to a large city, or (ii. ) a hydraulic installation for utilising by 
means of turbines the natural fall of a river of about 40 feet. 

(I.C.E., Oct., 1908.) 

21. A jet of water 2 square inches in area and at a velocity of V feet per 
second impinges upon a set of hemispherical vanes, and drives them in its 
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own direction at a velocity of v feet per second. Deduce an expression for 
the work done, and jjlot a curve showing its amount for all possible speeds 
of the vanes when V is 400 feet per second. Describe a modification of 
the hemispherical vane used in a Pelton wheel, and show what are the 
practical reasons for the departure from the hemispherical form. 

(I.C.E., Oct., 1908.) 

22. Describe by aid of sketches the construction of one form of rotary 
hydraulic engine operated by water at a high pressure, and explain what 
circumstances limit the speed of such an engine, and what causes may 
lead to a reversal of stress in the engine. (I.C. E., Oct., 1908.) 

23. Describe the principal considerations which you would take into 
account in the design of a turbine suitable for a low fall liable to fluctua- 
tions of level and water-supply. Describe the construction and special 
features of advantage of a form of turbine which you consider particularly 
well adapted to give a high all-round efficiency with a water-supply which 
is normally 6,000 cubic feet per minute at 10 feet head rising to 9,000 cubic 
feet per minute at a head of 6 feet in times of flood. (I.C.E., Oct., 190S.) 

24. Describe and illustrate, by sketches in good proportion and detail, 
the construction and action of a high lift centrifugal pump capable of 
lifting water against a head of not less than 300 feet. Explain what are 
the essential features of difference between the form you describe and that 
of a low lift centrifugal pump designed for a head of 30 feet. 

(I.C.E., Oct., 1908.) 
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ANSWERS TO QUESTIONS AT END OF LECTURES. 



Lectors I. — Inst.C.E. 



1. Specific gravity of the liquid = 1 '25. 
3. Resultant pressure on surface of body := 147 lbs. 
5. Total pressure on area = 1,320 tons. 

8. Total pressure = 698 j lbs. Vertical component = 280 'S lbs. Pressure 
on base = 249 '6 lbs. Weight of wedge = 31 lbs. 
11. Height of water = 6'7 feet. 

18. Work done per stroke = 290'o foot-lbs. 

19. The maximum height of the column of water is 33 '7 feet. 

23. P = maximum stress on inside face of cylinder. P^ = outer radius. 
p — pressure per square inch of cylinder, r = inner radius per inch. 

R- - r-^ 
25. Pressure on top screw= '65 lb. Pressure on bottom screws 3'23 lbs. 
28. 6-98 H.P. 

30. Force required to open valve = 1,337 lbs. 

33. Pressure on each gate = 7 '3 tons, and pressure between the two 
gates = 13 tons. 



Lecture III.— Ordinary. 

6. 7J inches for differential accumulator. 2'22 inches for solid ram. 
8. 20 '8 inches diameter. 



Lecture III. — Inst.C.E. 

1. Energy stored = 100,800 foot-lbs. 

3. 13'29gals. Load on pre33=al9°16 tons. Energy storsd-> 191 '5 ft. -tons. 



ANSWERS TO QUESTIONS AT END OF LECTURES. 
Lecture IV. — Ordinary. 



2.o5 



7. 184-5 B.H. P. 
22. H.P. lost, 3-85. 



20. 207,000 gallons, and 1,778 H.P. 

23. Discharge = 563 '75 gallons per hour. 



Lecture IV. — Inst.C.E. 

.1. Q = 176 cubic feet per second. 

4. I'l foot per second, taking/ = '01 ; Q = -867 cubic foot per second. 

7. Pressure = 618-3 lbs. 8. Force on cup = 221 lbs. 

9. 91 '2 cubic feet per hour, with the coefficient c = ■62. 

, , , 2Q /hT 
10. Time of emptying the lock = — . - — 

C (1) \ ^Q 

12. L = 3'6 feet, taking the coefficient c = "7. 

13. Ai. = 8-43 feet per mile. 15. Slope = -4 foot per mile. 

16. (1) For new pipes, / = -005 (1 + ^\d] ; (2) and (3) / = -01 (1 + ^d), 

1^ = ?1 X - X -• 17 /I^elivery = 14-1 cubic feet per 

f 'S I '\ second. 

19. ^={(m-ing={(i-i)ir 



2i, 



20. Kempe's formula : — Diameter of delivery pipe 



diameter of supply pipe = 
tiQH 



2 QML + 5D) 
H 



ipe=^' 



4 9^ (« + 5 ci) . 



Delivery in cubic feet per 



second = — j — , where ij is the efficiency of the ram. 



21. 



22. Q 



Kinetic Energy. 


Preserved Energy. 


Potential Energy. 


Turbines. 
Pelton wheels. 


Accumulators. 
Capstans. 
Hydraulic lifts. 


Water wheels of 
all kinds. 



^ 1 + 4/^ 



28. 


Depth of water in pipe = '95 d 


30. 


2:2'SHMD. -^ = -913. /|i. 


31. 


^ = i. ; 



23. Difference in pressure = '67 f'. 

25. Depth of water over weir 

= 11 '46 inches. 

26. Time, 3 hours 7 minutes. 



33. Q = 1,040,000 gallons per day. 



34. «; = I'Sl feet per second ; Q = 65'16 cubic feet per second. 

35. (a) The coefficient of discharge will increase slightly, and therefore 
the discharge will increase ; (6) depth aud width of square orifice = -2383 
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foot, allowing a coefficient of discharge of '62 ; (c) the coefficient of 
discharge increases as the ratio of width to height increases, hence the 
discharge will be greater and in the ratio of about 1 • 05 to 1. 

36. (A.) No. 1 lets the greater quantity pass by 12 per cent. ; (B.) No. 1 
lets the greater quantity pass by 11 -5 per cent. (B.) No. 1, i) = 6'86 feet 
per second ; No. 2, u = 6 59 feet per second ; Mean w = 6 "725 feet per second. 

40. (a) 41-6 lbs.; (6) 16-3 lbs. Work done = 666-6 foot-lbs. 

41. Pressure = 498-37 lbs. 42. 10 H.P.; loss -11 per cent. 

43. -46 per cent. H.P. is lost; for each pair of flanges add 1 foot to 
length of pipe ; now, taking 6 pipes per 100 feet, there is a saving in 
weight of 47 lbs. per 100 feet. 



45. 



Velocities 

Id Feet per 

Second. 


Percentage Loss. 


p = 200. 


p = 700. 


p = 1,200. 


D = 2 
ti = 3 
w = 4 


n 


-95 
21 
3-8 


5-55 
12-49 
22-2 



46. Q, = c^'-^bh J2gh = 594 gallons per minute, where c = 0-6. 

47. Full, 1 foot; half-full, 1 foot; 2-193 feet. Velocities, taking c = 140, 
are 2-5 and 3-78 feet per second. 

50. V = 10 9 feet per second; Q = -009 cubic feet per second ; E^ = 1-83 
foot-lbs. per second. 

51. d = 2'4 inches. 52. Loss of head = 41-25 feet. 

53. Q = 23-5 cub. feet per second. 55. F = 542-5 lbs. per square inch. 

57- 4-34 feet per second ; 119,700 gallons per hour. 

68. Ai = -92 feet. 

60. Total pressure = 55 J lbs.; max. pressure = 3-9 lbs. per square inch. 

63. Reaction = 153-4 lbs. 64. 1-22 lbs. per square inch. 

66. c = 88 ; t! = -067 foot per second ; Q = -67 cubic feet per second. 

66. Q = 4-85 cubic feet per second. 

68. Percentage loss of head = 32-5 ; H.P. = 96f . 



Lecture V. — Inst.C.E. 



4. Angle = 49° at outer circumference. /3 = 12° at inner circumference. 

8. Angle of blade = 30°. 10. H.P. transmitted = -0064. 

1 1. Total pressure = 45,560 lbs. 

19. Angle at entrance = 73° 41' to horizontal. Angle at exit = 106° 19' 
to horizontal. 

21. Tangent at inlet, 60° 30' to radius ; tangent at outlet, 50° to radius. 

23. iVIaximum eflficiency = 75 per cent. 
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Lecture I. — Inst.C.E. 



1. Total force on sluice = 3,994 lbs. ; horizontal force applied = 2,330 lbs 

2. Total mechanical advantage is 40. 

4. Resultant pressure = 253-6 tons, and the height at which it acts 

from the bottom of the gate = 10^ feet. 

7. Diameter of ram = 9 inches. 

8. Diameter of ram = 19 J inches; load on the carriage = 132-6 tons. 

9. Height to which the air will rise inside the ball =7-5 feet. 



Lecture III. — Inst.C.E. 

2. Diameter of the ram = 4-7 inches ; diameter of piston = 972 inches. 

Lecture IV.— Inst.C.E. 

3. Depth of water through notch =13-7 inches. 

4. hi. =/(-5-^ j. Resistance to flow, Ai, = -169 foot; and work done 

per minute in overcoming this resistance = "282 H.P. 

5. Ratio of discharge, 1 -065 : 1 . 

6. Discharge of pipe = 11 cubio feet per second. 

7. Peripheral velocity of Pelton wheel = 50 feet per second. 

9. Quantity of water pumped by hydraulic ram, allowing an efficiency 
of 60 per cent., = 45,000 gallons. 

12. Discharge from orifice = 7 '44 cubio feet per second; width of 
rectangular notch = 4'13 feet. 

13. The loss of head in each case is 15-84 feet and 44-8 feet. 

14. The velocity of flow of the channel = 3-17 feet per second ; 
discharge of channel = 977 cubic feet per second. 

15. Tension in the connecting bolts = 1,226 lbs. 

16. (i.) Velocity of discharge = 53-8 x -97 = 52-1 feet per second ; 
(ii. ) discharge = 5,200 gallons per hour. 

17. Pressure on the plane = 62 lbs. ; work done per minute on the 
plane = -225 H, P. 

18. Discharge = 193,700 cubic feet per hour. 

A 17 
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2Q. Length of weir = 87 "3 feet, when using a coefficient of discharge 
of -82. 

21. Discharge of water from pipe = 2'3 cubic feet per second ; hydraulic 
gradient is 1 in 62 4 ; pressure head in the pipe at a distance of half a mile 
from the inlet = 15'3 feet. 

22. Assumed velocity of flow = 3 feet per second ; number of water 
mains required = 10 ; percentage loss of energy for each mile length of 
the main due to friction = 2 '75 per cent. 

23. Velocity of flow = 15 '32 feet per second; discharge through the 
pipe = 48 '16 cubic feet per second. 

24. Difi'erence in pressure head at the two ends of the pipe = 21 1 '8 feet. 

25. Discharge {a) 1,067,000 gallons per day ; (b) 388,000 gallons per day. 
27. Pressure on fixed plate placed in front of nozzle =135 Iba. 

29. Rate of discharge from pipe = 3 55 cubic feet per second. 

30. Depth of maximum discharge of water from a circular pipe = 3'8 feet. 

31. The path of the jet is a parabola whose equation is y = ~ — r, where 

h is the head. 

34. Pressure on the plane = 203 lbs. ; normal pressure on the plane, when 
the axis of the jet is inclined at an angle of 30° to the plane, = 27 '2 lbs. 

36. Diameter of pipe = 5 '88 inches. 

37. Discharge at C and D = 1'82 and 1'43 cubic feet per second 
respectively. 

38. Time taken to empty the tank = 24 '35 minutes, when using a 
coefficient of discharge of '62. 



Lecture V. — Insi.C.E. 

1. Pressure at delivery valve = 17'7 lbs. per square inch. 

6. Direction of tangent to the vane of wheel at inlet = 113° b'; direction 
of tangent to the vane of wheel at outlet = 20° 54' ; hydraulic efficiency of 
turbine = 66| per cent. 

7. H.P. of Pelton wheel = 235 8 H.P., taking an efficiency of 80 per cent. 

8. ^ = 106 '4 feet ; the pressure head at point where the water leaves 
the wheel = 55 '4 feet. 

9. The vane makes at inlet an angle 126° 12' with AE ; the vane makes 
at outlet an angle 45° with A B ; pressure on vane in the direction of 
motion due to each 1 lb. of water striking it = '275 lb. 
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THE INSTITUTION OF CIVIL ENGINEERS' 
EXAMINATION, FEBRUARY, 1909. 



ELECTION OF ASSOCIATE MEMBERS. 



Group II.— HYDRAULICS. 

Not more than eight questions to be attempted by any Cnndidate. 

1. Show how to determine the resultant pressure on a curved surface 
subjected to a uniform hydrostatic pressure. A 12-inch water main has a 
bend subtending an angle of 60° at its centre of curvature. The water in 
the pipe is under a mean head of 65 feet. Determine the magnitude and 
position of the force tending to displace the bend. 

2. An area of 5 square miles forms the catchment basin for a reservoir, 
and the maximum rainfall is 1 '75 inches in 24 hours. In times of flood the 
water is diverted by a separating weir 36 feet long. Describe the con- 
struction of one form of weir suitable for this purpose, and calculate the 
average height of the water over the weir crest, assuming that the 
maximum rainfall for one day will pass over the weir in 36 hours, and that 
the coefficient of the weir is 0'7. 

3. Obtain a general expression for the flow through a submerged orifice 
and apply it to determine the time required to empty a lock, of 15,000 
square feet of superficial area and having vertical walls, if the initial 
difference of level between the lock and the lower reach of the canal is 
8 feet, the area of the sluice openings is 30 square feet, and the coefficient 
of diecharge is 0'64. The level of the lower reach of the canal is assumed 
not to be influenced by the discharge. 

4. Describe by aid of sketches the construction of one form of meter 
suitable for measuring small quantities of water supplied at irregular 
intervals, such as occurs in a house supply. Explain what are the special 
features of advantage of the form you describe. 

5. Explain what is meant by (1) a free spiral vortex, (2) a forced vortex, 
and give two examples of each kind of vortex motion which occur in 
engineering practice. The wheel of a centrifugal pump has an external 
diameter of 3 feet, and an internal diameter of 1 '5 feet. The pump casting 
is filled with water, and with the discharge pipe closed, the wheel is 
revolved at the rate of 300 revolutions per minute. Calcvilate the differ- 
ence of head set up between the inner and outer rims of the wheel 

6. Explain concisely the special features of difficulty which arise in 
regulating the speed of a turbine, and describe by aid of sketches tlie 
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eeeential features of one form of governing gear suitable for a turbine of 
about 1,000 horse-power. 

7. Describe the principal features of construction of rectangular 
measuring weirs ordinarily used for waterworks purposes, and the general 
conditions to be observed in order to obtain an accurate measure of the 
flow. Deduce a formula for the flow from such a weir in terms of its 
dimensions and the bead. 

8. Explain under what circumstances it is useful to plot the logarithmic 
values of the results obtained from hydraulic measurements, and quote 
some examples where the method is of value. In a series of measurements 
of the discharge from a hydraulic machine, the following values were 
obtained of the relation of the head of water to the discharge as follows : — 



Discharge (Q) in Cubic 
Feet per Minute. 



Head (H) in Feet. 



2-56 

7-95 

2310 

83-52 



0-192 
0-302 
0-463 

0-774 



[t is known that the relation between Q and H is of the form Q = CH", 
Determine the values of c and n from the measurements, and calculate the 
iisoharge for H = 0-623 foot. 

9. Describe the cc istruction and action of one form of hydraulic 
accumulator. Water at a pressure of 2,000 lbs. per square inch is supplied 
by a pump for working a hydraulic press, and a steam accumulator havinc 
a 6-inch ram and 30-inch stroke is connected to the pipe line to moderate 
the inequalities of pressure and the iiuctuations of the supply. Calculate 
the size of the piston, if the effective steam pressure is 120 lbs. per square 
inch, and the loss due to friction of the packings of the accumulator is 
6 per cent. Also determine the work which the accumulator can perform 
for one stroke of the piston. 

10. Describe by aid of sketches the construction and mode of action of a 
low-lift centrifugal pump. Show that in a pump of this kind with no 
whirlpool chamber, the peripheral velocity V of the wheel is given by the 
formula Vo = V (2ffH -Hio^co8ec^(^), where Uo is the radial outlet velocity, 
and ip is the angle of the blades at the periphery of the wheel. Show 
what efl'ect the variation of the angle <p has upon the velocity of the 
wheel, and describe briefly the special advantages of pumps (a) with 
radial blades at outlet, (b) with re-curved blades. 

11. Describe the construction and action of a Pitot tube, and show how 
you would use it to obtain the velocity of water at different points in the 
section of a water main. Sketch the probable form of the velocity curve 
for a main in which the mean velocity of water is, say, 5 feet per second 
(1) at a section in a straight length of pipe, (2) at abend of moderate 
curvature, say, of 4 diameters. 

12. Give a short account of the results of experiments on the dissipation 
of head due to bends, elbows and sudden changes of section in a pipe, and 
deduce an expression for the loss of head due to sudden enlargement in a 
pipe line. A 4-inch main conveying water at a velocity of 10 feet per 
second is suddenly enlarged to 6 inches in diameter. Calculate the loss of 
head due to the change of section. 
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THE INSTITUTION OF CIVIL ENGINEERS' 
EXAMINATION, OCTOBER, 1909. 



ELECTION OF ASSOCIATE MEMBERS. 



HYDRAULICS. 

(Not more than bight questions to be attempted liy any Candidate.) 

1. Twelve hundred gallons of water per minute are to be lifted a heiglit 
of 150 feet through a pipe 1 foot diameter and 5,000 feet long. Assuming 
the head lost by friction in the pipe per foot lengtli when the velocity is 

1 foot per second is 00005 foot, and the mechanical efficiency of the pump 
8(J per cent., find the effective horse-power of the engine driving tlie 
pump. 

2. The outlet circumference of a centrifugal pump has a diameter of 

2 feet, and the inlet circumference is 1 foot 3 inches diameter. The radial 
velocity of flow at inlet is 5 feet and at outlet 8 feet per second. The 
wheel makes 400 revolutions per minute. The vanes are radial at exit. 
Determine the theoretical lift of the pump and the direction of the inlet 
edge of the vane. 

3. Show that Bernoulli's theorem is consistent witli the principle of the 
conservation of energy. One cubic foot of water per second flows along a 
pipe, which has a slope of 1 in 10, from A to B. At A the diameter is 

3 inches and at B 6 inches, and the liorizontal distance from A to B is 
50 feet. The pressure head at A is 20 feet of water and at B 25 feet. 
Find, from this data, the head lost between A and B. 

4. A turbine is driven by a head of 120 feet. The water used in a test 
of the turbine is measured by passing it througli a right-angled V notcli. 
The mean head over the apex of 

the notch during the trial is found i- soo' ', ioo'- ^ 

to be 9 inches. The brake-horse- I i^— 1 

power of the turbine is found to ^ 

be 13 ; find the efficiency of the 
turbine. 

5. A horizontal pipe, A C in the 
figure, has a diameter of 6 inches 
and is 1,000 feet long. At point B 
a horizontal branch -pipe 3 inches 
diameter and 500 feet long is taken 
off A C. The pressures at A, C, and D are found to be 20 feet, 10 feet, and 
7-5 feet of water respectively. Assuming the head lost by friction in a 
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length / of either of the pipes to be -— — , and neglecting other losses, 

show that the velocity in AB is about 8'lti feet per second, and find the 
pressure at B. 

6. Water issues from a square-edged vertical circular orifice 2 inches 
diameter, made in the side of a vessel in which a constant pressure of 
200 lbs. per square inch is maintained, and the head of water in the vessel 
above the centre of the orifice is 8 feet. A flat plate is placed near to the 
orifice, the plate being inclineil at an angle of 60° to the horizontal plane. 
Find the discharge from the orifice ami the horizontal pressure on the 
plate. 

7. Describe briefly, with the aid of .sketches, two methods of determin- 
ing the discharge of a river 100 feet wide. 

S, Make sketches of and explain the principle of action of one of the 
following: — (a) A compressed air pump showing the lift, and the depth of 
water in the well ; (?/) a hydraulic ram ; (c) a hydraulic press in which the 
ram is returned automatically. 

9. Make sketches of two arrangements for regulating the flow' of water 
to pressure turbines and of one arrangement for regulating the flow to one 
form of impulse turbine. Discuss the effects of the arrangements in 
diminishing the efficiency of the turbines. 

10. A h3fdraulic direct-acting lift has a ram 9 inches diameter. The pipe 
connecting the valve-box to the cylinder is J inch diameter. The pressure 
in the valve- box is 600 lbs. per square inch. Neglecting all other losses 
than that due to sudden enlargement when the water enters the cylinder, 
and assuming the valve fully open at all loads, find the maximum load that 
can be lifted at a velocity of 1 foot per second. Find also the maximum 
velocity with which the lift could descend, assuming the exhau.-t full open. 

11. A brick-lined sewer has a section shown in the figure, and a slope of 
1 in 1,000. Determine the discharge of the sewer in cubic feet per second 




when the depth of flow is 2 feet. Explain the formula you use. {Xote. — 
Areas, &;e. , may be found from a scale drawing.) 

12. Give an account of any experiments with which you are familiar on 
the discharge of water over weirs. State the deductions to which the 
experiments would lead you in making a weir for the accurate gauging of 
water, with respect to the following points :— (a) The form of the sill of 
the weir, (6) the form of the approaching channel, (c) any precautions to 
be taken in connection with the down-stream channel. 
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THE INSTITUTION OF CIVIL ENGINEERS 
EXAMINATION, FEBRUARY, 1910. 



ELECTION OF ASSOCIATE MEMBERS. 



HYDRAULICS. 

Isol mora than mght qucUiom to he attempted U; anij Candidate. 
1. aiie discharges over a weir under different heads were as folio w.s 



Head. 
0-5 
1-0 
1-5 



Discharge in Cubic 

J^'eet per .Second. 

11-5 

33-3 

61-5 



(_)n a certain day the following readinj!;s of the head over the weii' were 
taken : — 

i;iue- Head. 

2 o clock ] -0 

3 

4 



1-125 
1-2.50 



i'lot a head-discharge curve for the ^^eir, and also a time -discharge cur\-e, 
and determine approximately the discharge over the weir between 2 o'clock 
and 4 o'clock. 

2. A pipe A B, 2 feet in diameter, conveys water from a reservoir to a 
sump S. Pi-om S the water runs along a circular culvert having a slope 
of •') feet ]jer mile. When the difference of level of the water in the resci'voir 




i* /"■ Diameter 




6400F 



and the sump is 36 feet, the water in the aqueduct is required to be flowing 
steadily at a level coinciding with the centre. Find the diameter of the 
culvert. The value of C in the formula i- = C Jm i may be taken as 100 
for the pipe and culvert. 

3. Two vessels are connected by a horizontal pipe 3 inches diameter and 
20 feet in length. The surface of the water in one vessel is kept at a height 
of 10 feet above the centre of tlic pipe, and the i^ressure above the surface 
is 14-7 lbs. per .square inch absolute. Tlie surface of the water in the second 
vessel is kept at 3 feet above the centre of the ]npe, and the pressure above 
the surface is 2 lbs. per square inch absolute. The pipe is not bell-mouthed 
at either end. Find the discharge per second into the second vessel. The 

head lost by friction is h = — -- — ;— . 
•2gd 

4. The tanks of the last question are each 12 feet long by 12 feet wide. 
Assuming that the water in the first vessel is at any instani; 10 feet above 
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the centre of the pipe, and the surface of the water in the other is 3 feet 
above the centre, and that no water enters the first vessel while flow takes 
))lace into the second, and the piessure above the surfaces remains constant, 
find tile time taken for the surfaces to come to the same level. 

5. The plunger of a pump is 6 inches diameter, its stroke is 1 foot, and 
it makes 30 strokes per minute. The pump has an air vessel on the delivery. 
Tlie mean pressure at the delivery valve of the pump is 700 lbs. jicr square 
inch. The pump delivci's water to a crane having a ram 10 inches diameter 
through a pipe 1 inch diameter. The velocity ratio of the crane hook to 
the ram is 6. Neglecting all losses, except loss by sudden enlargement 
when the water enters the ciane cylinder, find the maximum load thu crane 
can lift. The mechanical efficiency of ttie crane is 8.5 per cent. 

(i. Sketch a Poncelet wheel, or .some form of impulse turbine, and show 
clearly how you would determine the form of the vanes for maximum 
efficiency. Show that for a Poncelet wheel, neglecting friction,- the most 
efficient velocity of the wheel rim is «' = J cos 6 J2 g H. H = head. 
ff = the angle between the approaching water and the tangent to the wheel. 

7. Make sketches showing the construction of either : — {a) Some form 
of high lift centrifugal pump, showing clearly the arrangement for con- 
verting velocity head into pressure head, or (h) a reciprocating pump suitable 
foi- su)jplying water to hydraulic cranes at a pressure of 7.50 lbs. jjer square 
inch, showing clearly the arrangement of the valves, and the packings for 
the pilunger and the glands. 

8. Describe briefly, and show by sketches, how 3'ou would determine 
the loss of head in any length of a pipe of constant diameter along which 
water is flowing, and hence from a number of experiments how you would 
deduce a formiila to express the loss of head at any velocity in, say, clean 
cast-iron pipes. Quote the formula; you would be likely to get for (a) clean 
cast-iron pipes ; (fe) clean brass pipes. 

9. Show that in a turbine the work done per lb. of water on the wheel is — 

fj 'J ^'f 

V = velocit}' of whirl at inlet ; 
Vi = „ „ „ outlet; 
u = ,, ,, wheel at inlet ; 
V, = „ ,, „ outlet ; 
H = head under which turbine works ; 
li = velocity of the water as it leaves the turbine. 

10. A jet delivers 100 cubic feet of water per second under a head of 
100 feet, and strikes a plane inclined at 45° to the direction of the jet. 
Calculate the normal pressure on the plane. 

11. The inner and outer diameters of an inward flow turbine wheel are 
1 foot (> inches and 3 feet respectively, and the velocity of the wheel peri- 
phery is 4.:) feet per second. The radial velocity of flow is 8 feet per second. 
The water leaves the guide blades in a direction making 20° with the tangent 
to the wheel, and leaves the wheel radially. Determine the angles of the 
wh^^el vanes at both circumferences, and the head under which the wheel 
is working. 

12. Make sketches of the following : — A hydraulic crane cylinder in which 
the quantity of water supplied for a given lift can be diminished when the 
load is small, or a hydraulic engine in which the quantity of water used is 
regulated according to the work done. 
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DEPARTMENT OF TECHNOLOGY. 



TECHNOLOGICAL EXAMINATIONS, 

1909. 



Foe General Instructions, see Appendix A. 



46.— MECHANICAL ENGINEERING. 

Honours Grade (Written Examination). 

The Candidate is not expected to answer more than eijpit of the following 
questions, which must be selected from two sections 07ily. 

Section A is given in Vol. II., "Strength of Materials," and Section 
B in the Author's Text-Book on Steam and Steam Engines, inclvding 
Turbines and Boilers. 

Section C (Hydraulics). 

1. Prove that the discharge Q from a triangular notch is expressed by 
the formula — 

Q= j^Cv'S^BH?, 

where H is the head of water, B is its surface breadth, and c is a constant 
derived from experiment. A right-angled notch is used to gauge the 
flow from a channel, and the average head is found to be 9 '32 inches. 
Calculate the discharge per second if the coefficient of the weir is 0-617. 

(C. &G., 1909, H., Sec. C.) 

2. Describe the principle of action of the Venturi water meter, and 
obtain a formula for the discharge through it. A meter of this form in a 
12-inch water main has a throat 5 inches in diameter and the difference of 
head between the upstream section and the throat is 21 feet. Calculate 
the discnarge from the meter per second on the assumption that its 
coefficient is unity. (C. & G., 1909, H., Sec. C.) 

3. Describe the principal features in a modern hydraulic power station 
for distributing water at a high pressure for use in operating lifts, cranes, 
hydraulic presses, and the like. (C. & G., 1909, H., Sec, C.) 
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4. The ram of a hydraulic press, using water at 2,000 lbs. per square 
inch, has a diameter of 1 foot and a stroke of 8 inches. It is operated by 
an intensifier, which latter is supplied with water from the town main at a 
pressure of 30 lbs. per square inch. Sketch to scale a suitable form of such 
an intensifier to give a full stroke of the ram for a single stroke of the 
intensifier and mark on it the principal dimensions, explaining how you 
have determined them. (C. &G., 1909, H., Sec. C.) 

5. A centrifugal pump is required to lift 800 gallons of water per minute 
through a height of 20 feet. Briefly describe, by aid of sketches, the con- 
strui;tion of a pump suitable for this head and delivery, and, assuming all 
the formula necessary, calculate the principal dimensions of the pump and 
mark them on your sketches. (C. & G., 1909, H., Sec. C. ) 

6. Assuming the loss of head A in a cast-iron main of length I and 
diameter d to be expressed by — 

■0004 wi -8' 

in feet and second units, v being the velocity of the water, determine the 
loss of head due to frictional resistances in a cast-iron water main 2 feet in 
diameter and 2 miles in length if the mean velocity is 4 feet per second. 

(C. &G., 1909, H., Sec. C.) 

7. Describe, by aid of sketches, the construction and mode of action of 
one form of multi-stage turbine pump, and explain what features of turbine 
design have been successfullv introduced to obtain a very high lift. 

(C. &,G., 1909, H.,Sec. C.) 
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1910 MAY EXAMINATION ON SUBJECT VII 
APPLIED MECHANICS/ 

(6) MACHINES AND HYDRAULICS. 

BY THE BOARD OF EDUCATION SECONDARY BRANCH 
SOUTH KENSINGTON, LONDON. 



For Gbneral Instructions, see Appendix A. 



STAGE 2.t 

Instructions. 

You must not attempt more than eight qnexlion.t in all, including A^os. 2i 
and 22— that in to say, although 21 and 22 are not compulsory, you rm not 
allowed to take more than six questions in addition to Noe. 21 anil 22. 

4. The wheel of a centrifugal pump is delivering very little water, show 
in a curve how the pressure varies from inside the wheel to a point some 
distance outside the rim. Show this when there is a considerable delivery 
of water. Draw the shape of the vane of the wheel. 

(B. of E., S. 2, Div. 6, 1910.) 

6. A pai-ticle of water is at a place A where the pressure is 0, its height 
above datum is 50 feet, its velocity is 5 feet per second, and it finds its way 
without friction to a place B, where the pressure is 0, and height above 
datum 30 feet ; what is its velocity at B ? (B. of E., S. 2, Div. 6, 1910.) 

8. A particle of air flows without friction. Its pressure p (in pounds per 
square foot) and its speed v (in feet per second) may l)oth alter, but the sum 

v^ p 
2g w 

remains constant, if w is the average weight of a cubic foot of air, <; is 32 'a. 
At a place A, p is 1"! atmospheres and w is ; a particle finds its way from 
A to B. At B the pressure is 1 atmosphere, what is the speed at B ? Take 
w as -075 lb. per cubic foot. (B. of E., S. 2, Div. h, 1910.) 

11. The radial speed of the water in the wheel of a centrifugal pump is 
6 feet per second ; the vanes are directed backwards at an angle of 35° 
to tile rim ; what is the real velocity of the water relatively to the vanes ? 
What is the component of this which is tangential to the rim ? \\'lien 
the water has left the wheel, what is its velocity in the tangential direction 
if the rim of the wheel moves at 20 feet per second ? 

(B. of E., S. 2, Div. b, 1910.) 

* Students are referred to Vols. II. and III. for Questions under 
Div. (a) Materials and Structures. 

t See Vol. I. — Applied Mechanics — for Questions 7, 10, 12, 15, 24, 27, 
29, 31, and 32, and Vol. V. — Theory of Machines — for Questions 3, 5, 9, 
13, 14, 21, 22, 28, 30, 33, and 34. 
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STAGE 3. 

Read the instructions given under Stage 2. 

23. What is meant by " Head " (a) in flowing water, (i) in flowing air ? 
The following measurements have been made of i, the logs of head per unit 
length of a straight pipe through which water is honing, v being the velocity 
of lio«'. Find the law connecting i and v : — 



0-0086 


0-239 


0-0172 


0-451 


0-0238 


0-690 


0-0345 


0-914 


0-0430 


1-109 


0-0516 


1-349 



0-1378 
0-1714 
0-3014 
0-4306 
0-8185 



V. 

1-987 

2-203 

3-141 

3-93 

5-66 



(B. of B., S. 3, Div. h, 1910.) 

25. A 2-inch horizontal pipe through which water is flowing with a velocity 
of 12 feet per second suddenly enlarges to a diameter of 4-J inches. Deter- 
mine the loss of head due to the enlargement. Is your formula a mere 
empirical formula deduced from experiments, or is it a rational formula? 
If it is a rational formula, prove it. Criticise the proof. 

(B. of E., S. 3, Div. h, 1910.) 

26. An inward flow turbine, when running steadily, uses 40 cubic feet of 
water per second. The water enters the wheel with an absolute velocity 
of 45 feet per second, and its direction makes an angle of 23^ with the 
direction of motion of the wheel rim ; it leaves the wheel with an absolute 
velocity of 8 feet per second, and its direction makes an angle of 112° with 
the direction of motion of the wheel rim. The internal and external radii 
of the wheel are 1-6 and 2-8 feet respectively. What horse-power is the 
turbine receiving 'i State the principle on which you calculat*. 

(B. of E., S. 3, Div. h, 1910.) 
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EXAMINATION TABLES, 

USEFUL CONSTANTS. 

I Inch = 25-4 millimetres. 

1 Gallon = -1605 cubic foot = 10 Iba. of water at 62° F • i ih - ■ninn'; 
cubic foot. . . 1 lu. _ uioua 

1 Knot = 6080 feet per hour. 1 Naut = 6080 feet. 

Weight of 1 lb. in London = 445,000 dynes. 

One pound avoirdupois = 7000 grains = 453-6 grammes. 

1 Cubic foot of water weighs 62 -3 lbs. 

1 Cubic foot of air at 0° C. and 1 atmosphere, weighs -0807 lb. 

1 Cubic foot of Hydrogen at 0° C. and 1 atmosphere, weighs ■00557 lb. 

1 Foot-pound = 1 -3662 x 10' ergs. 

1 Horse-power-hour = 33000 x 60 foot-pounds. 

1 Electrical unit = 1000 watt-hours. 

Joule's Equivalent to suit Eegnault's H, is Lilt **•"!?''• = J J,'^\ "°" 

\ 1393 ft.-lbs. = 1 Cent. „ 

1 Horse-power = 33000 foot-pounds per minute = 746 watts. 

Volts X amperes = watts. 

1 Atmosphere = 14'7 lb. per square inch = 2116 lbs. per square foot = 
760 m.m. of mercury = 10° dynes per sq. cm. nearly. 

A Column of water 23 feet high corresponds to a pressure of 1 lb. per 
square inch. 

Absolute temp., t = 9° G. + 273°-7. 

Kegnaulfs H = 606-5 -I- -305 8° C = 1082 + '305 6° F. 

„„1.06J6 _ 479 

BO 
log ,„_p = 61007 -y--^ 

where log ,„B = 3-1812, log ,„C = 5-0871, 

p is in pounds per square inch, t is absolute temperature CentigradBj 
u is the volume in cubic feet per pound of steam. 

X = 3-1416 = f =11 = 10(^-72)- 

One radian = 57-3 degrees. 

To convert common into Napierian logarithms, multiply by 2-3036. 

The base of the Napierian logarithm is e = 2 '7183. 

The value of g at Loudon = 32 182 feet per second per secontl. 
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TABLE OF LOGARITHMS. 








1 


2 


3 


4 


5 


6 


7 


8 


9 


1 2 3 


4 5 6 


7 8 9 


10 


0000 


0043 


0086 


0128 


0170 


0212 


0263 


0294 


0334 


0374 


4 8 12 


17 21 25 


29 33 37 


11 

12 
13 


0414 
0792 
1139 


0453 
0828 
1173 


0492 
0864 
1206 


0531 
0S99 
1239 


0569 
0934 
1271 


0607 
0969 
1303 


0045 
1004 
1336 


0682 
1U38 
1367 


0719 
1072 
1399 


0755 
1106 
1430 


4 8 11 
3 7 10 
3 6 10 


15 19 23 
14 17 21 
13 16 19 


26 30 34 
24 28 31 
23 26 29 


14 
15 
16 


1461 
1761 
2041 


1492 
1700 
2068 


1523 
1818 
2095 


1553 
1847 
2122 


1584 
1876 
2148 


1614 
1903 

2176 


1644 
1931 
2201 


1673 
1959 
2227 


1703 
1987 
2253 


1732 
2014 
2279 


3 6 9 
3 6 8 
3 5 8 


12 15 18 
11 14 17 
11 13 16 


21 24 27 
20 22 25 
18 21 24 


17 
18 
19 


2304 
2553 
2788 


2330 

2577 
2810 


2355 
2601 
2833 


2380 
2626 
2866 


2406 
2648 
2878 


2430 
2672 
2900 


2466 
2696 
2923 


2480 
2718 
2946 


2504 
2742 
2967 


2529 
2765 
2989 


2 6 7 
2 6 7 

2 4 7 


10 12 15 
9 12 14 
9 11 13 


17 20 22 
16 19 21 
16 18 20 


20 


3010 


3032 


3054 


3076 


3096 


3118 


3139 


3160 


3181 


3201 


2 4 6 


8 11 13 


15 17 19 


21 
22 
23 


3222 
3424 
3617 


3243 
3444 
3636 


3263 
3464 
3656 


3284 
8483 
3674 


3304 
3502 
3692 


3324 
3522 
3711 


3346 
8641 
3729 


3365 
3560 
3747 


3385 
3579 
3766 


3404 
3598 
3784 


2 4 6 
2 4 6 
2 4 6 


8 10 12 
8 10 12 
7 9 11 


14 16 18 
14 16 17 
13 15 17 


24 
26 
26 

27 
28 
29 


3802 
3979 
4150 


3820 
3997 
4166 

4330 

4487 
4639 


3838 
4014 
4183 


3856 
4031 
4200 


3874 
4048 
4216 


3892 
4065 
4232 


3909 
4082 
4249 


3927 
4099 
4266 


3945 
4116 

4281 


3962 
4133 

4298 


2 4 5 
2 3 5 
2 3 5 


7 9 11 
7 9 10 
7 8 10 


12 14 16 
12 14 15 
11 13 15 


4314 
4472 
4624 


4346 
4502 
4664 


4362 
4618 
4669 


4378 
4533 
4683 


4393 
4548 
4698 


4409 
4564 
4713 


4426 
4579 
4728 


4440 
4594 
4742 


4466 
4609 
4757 


2 3 5 
2 3 5 
13 4 


6 8 9 
6 8 9 
6 7 9 


11 13 14 
11 12 14 
10 12 13 


30 


4771 


4786 


4800 


4814 


4829 


4843 


4867 


4871 


4886 


4900 


13 4 


6 7 9 


10 11 13 


31 
32 
33 


4914 
6061 
6185 


4928 
6066 
6198 


4942 
6079 
6211 


4966 
6092 
5224 


4969 
6106 
6237 


4983 
5119 
5260 


4997 
6132 
5263 


6011 
6146 
6276 


6024 
6169 
6289 


5038 
5172 
5302 


13 4 
13 4 
1 3 4 


6 7 8 

5 7 8 

6 6 8 


10 11 12 
9 11 12 
9 10 12 


34 
35 
36 


5315 
5441 
6563 


6328 
5453 
5575 


6340 
6465 
6587 


6353 
6478 
6599 


6366 
5490 
6611 


6378 
5502 
5623 


6391 
6614 
6635 


6403 
6527 
6647 


6416 
5539 
5658 


6428 
6551 
6670 


1 3 4 

1 2 4 
1 2 4 


6 6 8 
6 6 7 
6 6 7 


9 10 11 
9 10 11 
8 10 11 


37 
38 
39 

40 

41 
42 
43 


6682 
6798 
6911 


6694 
6809 
6922 


5706 
6821 
6933 


6717 
6832 
6944 


6729 
6843 
6956 


6740 
6856 
6966 


5752 
5866 
6977 


6763 
6877 
6988 


5775 
5888 
6999 


6786 
5S99 
6010 


12 3 
12 3 
12 3 


5 6 7 
5 6 7 
4 6 7 


8 9 10 
8 9 10 
8 9 10 


6021 


6031 


6042 


6053 


6064 


6075 


6086 


6096 


6107 


6117 


12 3 


4 6 6 


8 9 10 


6128 
6232 
6335 


6138 
6243 
6345 


6149 
6263 
6356 


6160 
6263 
6365 


6170 
6274 
6375 


6180 
6284 
6385 


6191 
6294 
6395 


6201 
6304 
6405 


6212 
6314 
6415 


6222 
6325 
6425 


1 2 3 
12 3 
12 3 


4 6 6 
4 6 6 
4 6 6 


7 8 9 
7 8 9 
7 8 9 


44 
45 
46 


6435 
6532 
6628 


6444 
6542 
6637 


6454 
6661 
6646 


6464 
6561 
6666 


6474 
6571 
6666 


6484 
6580 
6676 


6493 
6590 
6684 


6603 
6599 
6693 


6513 

6609 
6702 


6522 
6618 
6712 


1 2 3 
12 3 
12 3 


4 6 6 
4 5 6 
4 5 6 


7 8 9 
7 8 9 
7 7 8 


47 
48 
49 

50 

61 
62 
63 

64 


6721 
6812 
6902 


6730 
6821 
6911 


6739 
6830 
«920 


6749 
0839 
6928 


6768 
6848 
6937 


6767 
6867 
6946 


6776 
6866 
6955 


6786 
6876 
6964 


6794 
6884 
6972 


6803 
6893 
6981 


12 3 
1 2 3 
12 3 


4 6 5 
4 4 5 
4 4 5 


6 7 8 
6 7 8 
6 7 8 


6990 


6998 


7007 


7016 


7024 


7033 


7042 


7050 


7059 


7067 


12 3 


3 4 5 


6 7 8 


7076 
71f'0 
7243 

7324 


7084 
7168 
7261 


7093 

7177 
7269 


7101 
7186 
7267 


7110 
7193 
7276 


7118 
7202 
7284 


7126 
7210 
7292 


7135 
7218 
7300 


7143 
7226 
7308 


7152 
7235 
7316 


12 3 
12 2 
12 2 


3 4 5 
3 4 6 
3 4 5 


6 7 Si 
6 7 7 
6 6 7 


7332 


7340 


7348 


7366 


7364 


7372 


7380 


7888 


7396 


12 2 


3 4 5 


6 6 7 
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TABLE OF LOGARITKMS.— Continued. 





1 



1 


2 


3 


4 


5 


6 


7 


8 


9 


1 2 3 


4 5 6 


7 8 9 


65 


7404 


7412 


7419 


7427 


7436 


7443 


7451 


7469 


7466 


7474 


12 2 


3 4 5 


5 6 7 


56 

67 
68 


7482 
7659 
7634 


7490 
7666 
7642 


7407 
7674 
7649 


7506 
7682 
7657 


7513 

7689 
7664 


7620 
7597 
7672 


7628 
7604 
7679 


7536 
7612 
7686 


7643 
7619 
7694 


7651 
7627 
7701 


1 2 2 
12 2 
112 


8 4 6 
3 4 5 
3 4 4 


6 6 7 

5 6 7 

6 6 7 


69 
60 
61 


7709 
7782 
7863 


7716 
7789 
7860 


7723 
7796 
7868 


7731 
7803 
7876 


7738 
7810 
7882 


7746 
7818 
7889 


7762 
7825 
7896 


7760 
7832 
7903 


7767 
7839 
7910 


7774 
7846 
7917 


112 
112 
112 


3 4 4 
3 4 4 

3 4 4 


6 6 7 
6 6 6 
6 6 6 


62 
63 
64 


7924 
7993 
S062 


7931 
8000 
8069 


7938 
8007 
8075 


7945 
8014 
8082 


7962 
8021 
8089 


7959 
8028 
8096 


7966 
8035 
8102 


7973 
8041 
8109 


7980 
8048 
8116 


7987 
8056 
8122 


1 1 2 
112 
112 


3 3 4 
3 3 4 
3 3 4 


5 6 6 

6 6 6 
5 6 6 


66 


8129 


8136 


8142 


8149 


8166 


8162 


8169 


8176 


8182 


8189 


1 1 2 


3 3 4 


6 6 6 


66 
67 
68 


8195 
8261 
8326 


8202 
8267 
8331 


8209 
8274 
8338 


8216 
8280 
8344 


8222 
8287 
8361 


8228 
8293 
8357 


8235 
8299 
8363 


8241 
8306 
8370 


8248 
8312 
8376 


8264 
8319 
8382 


112 
112 
112 


3 3 4 
3 3 4 
3 3 4 


6 6 6 
5 5 6 
4 5 6 


69 

70 
71 


8388 
S461 
8513 


8395 
8467 
8619 


8401 
8463 
8525 


8407 
8470 
8631 


8414 
8476 
8537 


8420 
8482 
8643 

8603 
8663 

8722 


8426 

8488 
8649 


8432 
8494 
8566 


8439 
8500 
8661 


8445 
8506 
8667 


112 2 3 4 
112,234 
112 2 3 4 


4 5 6 
4 6 6 
4 6 5 


73 

74 


8573 
8C33 
8692 


8579 
8639 

8698 


8585 
8646 
8704 


8591 
8661 
8710 


8697 
8667 
8716 


8609 
8669 
8727 


8615 
8675 
8733 


8621 

8681 
8739 


8627 
8686 
8745 


112 2 3 4 
112 2 3 4 
112 2 3 4 


4 5 6 
4 6 6 
4 5 6 


75 


8751 


8756 


8762 


8768 


8774 


8779 


8786 


8791 


8797 


8802 


1 1 2 1 2 3 3 


4 6 5 


76 

77 
78 


8808 
8866 
8921 


8814 
8871 
8927 


S820 
8876 
8932 


8825 
8882 
8938 


8831 
8887 
8943 


8837 
8893 
8949 


8842 
8899 
8964 


8848 
8904 
8960 


8854 
8910 
8965 


8869 
8915 
8971 


112 
1 1 2 
112 


2 3 3 
2 3 3 
2 3 3 


4 6 6 
4 4 6 
4 4 5 

4 4 5 
4 4 6 
4 4 6 


79 

80 
81 


8976 
9031 
9086 


8982 
9036 
9090 


8987 
9042 
9096 


8993 
9047 
9101 


8998 
9053 
9106 


9004 
9058 
9112 


9009 
9063 
9117 


9016 
9069 
9122 


9020 
9074 
9128 


9025 
90V 9 
9133 


112 
112 
112 


2 3 3 
2 3 3 
2 3 3 


82 
83 
84 


9138 
9191 
9243 


9143 
9196 
9248 


9149 

9201 
9263 


9164 
9206 
9268 


9159 
9212 
9263 


9166 
9217 
9269 


9170 
9222 
9274 


9176 
9227 
9279 


9180 
9232 
9284 


9186 
9238 
9289 


112 
112 
1 1 2 


2 3 3 
2 3 3 
2 3 3 


4 4 5 
4 4 6 
4 4 6 


85 


9294 


9299 


9304 


9309 


9316 


9320 


9326 


9330 


9336 


9340 


112 


2 3 3 


4 4 6 


86 

87 
88 


9346 
9395 
9446 


9350 
9400 
9460 


9366 
9406 
9465 


9360 
9410 
9460 


9365 
9415 
9465 


9370 
9420 
9469 


9376 
9425 
94Y4 


9380 
9430 
9479 


9386 
9436 
9484 


9390 
9440 

9489 


112 
Oil 
Oil 


2 3 8 

2 2 3 
2 2 3 


4 4 5 
3 4 4 
3 4 4 


89 

no 

91 


9494 
9542 
9590 


9499 
9547 
9596 


9504 
9562 
9600 


9609 
9557 
9605 


9513 
9662 
9609 


9518 
9666 
9614 


9623 
9571 
9619 


9528 
9676 
9624 


9633 

9681 
9628 


9538 
95S6 
9633 


Oil 
Oil 
1 1 


2 2 3 
2 2 3 
2 2 3 


3 4 4 
3 4 4 
3 4 4 


92 
93 
94 


9638 
9686 
9731 


9643 

96S9 
9736 


9647 
9694 
9741 


9652 
9699 
9745 


9667 
9703 
9750 


9661 
9708 
9764 


9666 
9713 
9769 


9671 
9717 
9763 


9676 
9722 
9768 


9680 
9727 
9773 


Oil 
Oil 
1 1 


2 2 3 
2 2 3 
2 2 3 


S 4 4 
3 4 4 
3 4 4 


95 


9777 


9782 


9786 


9791 


9795 


9800 


9806 


9809 


9814 


9818 


1 1 


2 2 3 


3 4 4 


96 
97 
98 


9823 
9868 
9912 


9827 
9873 
9917 


9832 
9877 
9921 


9836 
9881 
9926 


9841 
9880 
9930 


9846 
9890 
9934 


9860 
9894 
9939 


9854 
9899 
9943 


9869 
9903 
9948 


9863 
9908 
9952 


1 1 
1 1 
1) 1 1 


2 2 3 
2 2 3 
2 2 3 


3 4 4 
3 4 4 
3 4 4 


99 


9966 


9961 


9965 


9969 


9974 


9978 


9983 


9i)s7 


9991 


9996 


112 2 3 


334 
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TABLE OF ANTILOGARITHMS. 








1 


12 


3 4 


5 


6 1 7 1 8 j 


9 1 1 2 3 


4 5 G 


7 8 


■00 1 woo 


1002 


1006 


1007 


1009 


101-2 


1014 


1016 


1019 


1021 1 1 


1 1 1 


2 2 2 

2 2 2 
2 2 2 
2 2 2 


■01 1 1023 
■02 ! 1017 
■03 1072 


10-26 
1050 
1074 


1028 
1052 
1076 


1030 
1054 
1079 


1033 
1057 
1081 


1036 
1059 
1084 


1038 
1062 
1086 


1040 

1064 
1089 


1042 
1067 
1091 


1045 
1069 
1094 


1 
1 
1 


1 1 1 
111 
1 1 1 


■at 

■05 
•00 

■07 
•08 
•09 


1096 
1132 
1148 


1090 
1126 
1161 


1102 
1127 
1163 


1104 
1130 
1166 


1107 
1132 
1159 


1109 
1135 
1161 


1112 
1138 
1164 


1114 
1140 
1167 


1117 
1143 
1169 


1119 
1146 
1172 


Oil 
Oil 
Oil 


1 1 2 
112 
1 1 2 


2 2 2 
2 2 2 
2 2 2 


1176 
1202 
1230 


1178 
1206 
1233 


1180 
1208 
1236 


1183 
1211 
1239 


1186 
1213 
1242 


1189 
1216 
1245 


1191 
1219 
1247 


1194 
1222 
1260 


1197 
1225 
1253 


1199 
1227 
1266 


Oil 
1 1 
1 1 


1 1 2 
112 
112 


2 2 2 
2 2 3 
2 2 3 


•10 


1269 


1262 


1265 


1268 


1271 


1274 


1276 


1279 


1282 


1285 


Oil 


112 


2 2 3 


•11 

•12 
■13 


1288 
1318 
1349 


1291 
1321 
1352 


1294 
1324 
1355 


1297 
1327 
1368 


1300 
1330 
1361 


1303 
1334 
1365 


1306 
1337 
1368 


1309 
1340 
1371 


1312 
1343 
1374 


1315 
1346 
1377 


oil 
oil 

1 1 


12 2 
12 2 
12 2 


2 2 3 
2 2 3 
2 3 3 


■14 
■15 
■16 


1380 
1413 
1445 


1384 
1416 
1449 


1387 
1419 
1452 


1390 
1422 
1455 


1393 
1426 
1459 


1396 
1429 
1462 


1400 
1432 
1466 


1403 
1436 
1469 


1406 
1439 

1472 


1409 
1442 
1476 


oil 
oil 

1 1 


12 2 
12 2 
12 2 


2 3 3 
2 3 3) 
2 3 3 


•17 
•18 
•19 


1479 
1514 
1549 


1483 
1617 
1362 


1486 
1521 
1666 


1489 
1524 
1660 


1493 
1528 
1563 


1496 
1631 
1567 


1600 
1535 
1570 


1503 
1538 
1574 


1607 
1542 
1578 


1510 
1545 
1681 


oil 
oil 

1 1 


1 2 2 
12 2 
12 2 


2 3 3 

2 3 3 

3 3 3 


•20 


1685 


1589 


1592 


1696 


1600 


1603 


1607 


1611 


1614 


1618 


1 1 


12 2 


3 3 3 


•21 
■22 
•23 


1622 
1660 
1698 


1626 
1663 
1702 


1629 
1667 
1706 


1633 
1671 
1710 


1637 
1676 
1714 


1641 
1679 
1718 


1644 
1683 
1722 


1648 
1687 
1726 


1652 
1690 
1730 


1656 
1694 
1734 


1 1 

oil 
oil 


2 2 2 
2 2 2 
2 2 2 


3 3 3 
3 3 3 
3 3 4 


•24 
•26 
■26 


1738 

1778 
1820 


1742 
1782 
1824 


1746 
1786 
1828 


1750 
1791 
1832 


1764 
1795 
1837 


1768 
1799 
1841 


1762 
1803 
1846 


1766 
1807 
1849 


1770 
1811 
1864 


1774 
1816 
1858 


oil 
oil 
oil 


2 2 2 
2 2 2 
2 2 3 


3 3 4 
3 3 4 
3 3 4 


•27 
•28 
•29 


1862 
1906 
1950 


1866 
1910 
1954 


1871 
1914 
1969 


1876 
1919 
1963 


1879 
1923 
1968 


1884 
1928 
1972 


1888 
1932 
1977 


1892 
1936 
1982 


1897 
1941 
1986 


1901 
1946 
1991 


oil 
oil 
oil 


2 2 3 
2 2 3 
2 2 3 


3 3 4 
3 4 4 
3 4 4 


•30 


1995 


2000 


2004 


2009 


2014 


2018 


2023 


2028 


2032 


2037 


oil 


2 2 3 


3 4 4 


•31 
•32 
■33 


2042 
20S9 
2138 


2046 
2094 
2143 


2051 
2099 
2148 


2056 
2104 
2153 


2061 
2109 
2168 


2066 
2113 
2163 


2070 
2118 
2168 


2075 
2123 
2173 


2080 
2128 
2178 


2084 
2133 
2183 


oil 
oil 
oil 


2 2 3 
2 2 3 
2 2 3 


3 4 4 
3 4 4 
3 4 4 


■34 
•36 
•36 


2188 
2239 
2291 


2193 
2244 
2296 


2198 
2249 
2301 


2203 
2264 
2307 


2208 
2269 
2312 


2213 
2265 
2317 


2218 
2270 
2323 


2223 

2276 
2328 


2228 
2280 
2333 


2234 
2286 
2339 


1 1 2 
112 
112 


2 3 3 
2 3 3 
2 3 3 


4 4 5 
4 4 5 
4 4 5 


■37 
■38 
■39 


2344 
2399 
2465 


2360 
2404 
2460 


2355 
2410 
2466 


2360 
2416 
2472 


2366 
2421 
2477 


2371 
2427 
2483 


2377 
2432 
2489 


2382 
2438 
2495 


2388 
2443 
2600 


2393 
2449 
2606 


112 
112 
112 


2 3 3 
2 3 3 
2 3 3 


4 4 5 
4 4 5 
4 5 6 

4 6 6 


■40 


2512 


2518 


2623 


2529 


2535 


2641 


2647 


2553 


2659 


2664 


112 


2 3 4 

2 3 4 

2 3 4 

3 3 4 


■41 
•42 
■43 

■44 
•45 
■46 


2570 
2630 
2692 

2754 
2818 
2884 


2676 
2636 
2698 


2582 
2642 
2704 


2588 
2649 
2710 


2694 
2655 
2716 


2600 
2661 
2723 


2606 
2067 
2729 


2612 
2673 
2735 


2618 
2679 
2742 


2624 
2686 
2748 


112 
112 
112 


4 5 5 
4 6 6 
4 5 6 


2761 
2825 
2891 


2767 
2S:!1 
2897 


2773 
2838 
2904 


2780 
2844 
2911 


2786 
2861 
2917 


2793 

2858 
2924 


2799 
2864 
2931 


2806 
2871 
2938 


2812 
2877 
2944 


112 
112 
112 


3 3 4 
3 3 4 
3 3 4 

3 3 4 
3 4 4 
3 4 4 


4 6 6 

5 6 6 
5 5 6 


■47 
•48 
•49 


2951 
3020 
3090 


2968 2905 
3027 3034 
3097 3105 


2972 
3041 
3112 


2979 
3048 
3119 


2986 
3066 
3126 


2992 
3062 
3133 


2999 
3069 
3141 


3006 
3076 
3148 


3013 
3083 
3155 


1 1 2 
112 
112 


5 6 6 

5 6 6 

6 6 6 
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TABLE OF ANTILOGARITHMS.- 


-Coni 


iimed. 











1 ' 2 1 3 4 1 5 


6 


7 


8 9 


123145 6789 


■60 


3162 


3170 1 3177 


3184 


8192 3199 


3206 


3214 


3221 1 3228 


112 


3 4 4 


5 6 7 


•51 
'52 
■53 


3236 
3311 

3388 


3243 
3319 
3396 


3251 
3327 
3404 


3258 
3334 
3412 


3266 
3342 
3420 


3273 
3360 
3428 


3281 
3357 
3436 


32S9 
3366 
3443 


8296 
3373 
3451 


3304 
3381 
8459 


12 2 
12 2 

12 2 


3 4 6 
3 4 6 
3 4 6 


5 6 7 

6 6 7 
6 6 7 


■64 
■55 
■66 


3467 
3548 
3631 


3475 
3556 
3639 


3483 
3566 
3648 


3491 
3673 
3656 


3499 
3581 
8664 


3608 
3589 
3673 


3516 
3597 
3C81 


3624 
3606 
3690 


3632 
3614 
8098 


3640 
3622 
3707 


12 2 
12 2 
12 3 


3 4 6 
3 4 6 
3 4 6 


6 6 7 
6 7 7 
6 7 8 


■67 
■68 
■59 


3716 
3802 
3890 


3724 
3811 
3899 


3733 
3819 
3908 


3741 
3528 
3917 


3750 
3S37 
3926 


3758 
3346 
3936 


3767 
3855 
8945 


3776 

3S64 
3964 


8784 
8873 
3963 


3793 
3882 
3972 


12 3 
12 3 
12 3 


3 4 6 

4 4 5 

4 6 5 


6 7 8 
6 7 8 
6 7 8 


■60 


8981 


3990 


8999 


4009 


4018 


4027 


4036 


4046 


4055 


4064 


12 3 4 5 6 


6 7 8 


■61 
■62 
■63 


4074 
4169 
4266 


4083 
4178 
4276 


4093 

4188 
4285 


4102 
4198 
4295 


4111 

4207 
4306 


4121 
4217 
4316 


4130 
4227 
4325 


4140 
4236 
4336 


4150 
4246 
4346 


4159 
4266 
4355 


12 3 
12 3 
12 3 


4 6 6 
4 6 6 
4 5 6 


7 8 9 
7 8 9 
7 8 9 


■64 
•65 
■66 


4366 
4467 
4671 


4375 
4477 
4681 


4385 
4487 
4692 


4395 
4498 
4603 


4406 
4608 
4613 


4416 
4519 
4624 


4426 
4629 
4634 


4436 
4639 
4645 


4446 
4550 
4656 


4457 
4660 
4567 


12 3 
12 3 
12 3 


4 6 6 
4 6 6 
4 6 6 


7 8 9 
7 8 9 
7 9 10 


■67 
■68 
■69 


4677 
4786 
4898 


4688 
4797 
4909 


4699 
4808 
4920 


4710 
4819 
4932 


4721 
4831 
4943 


4732 
4842 
4966 

6070 


4742 
4853 
4966 


4753 
4864 
4977 


4764 
4875 
4989 


4775 
4887 
6000 


12 3,457 
12 314 6 7 
12 3 5 6 7 


8 9 10 
8 9 10 

8 9 10 


■70 

■71 
■72 
■73 


6012 


5023 


6035 


6047 


6068 


6082 


5093 


6105 


6117 


1 2 4| 5 6 7 


8 9 11 


6129 
6248 
6370 


6140 
6260 
6383 


6152 
6272 
6395 


6164 

6284 
6408 


6176 
6297 
6420 


6188 
6309 
6433 


6200 
6321 
6446 


6212 
6333 
6458 


6224 
6346 
6470 


6236 
6368 

5483 


1 2 4 
12 4 
1 3 4 


6 6 7 
6 6 7 

3 6 8 


8 10 11 

9 10 11 
9 10 11 

9 l.J 12 
9 10 12 
9 11 12 


■74 
■75 
■76 

■77 
■78 
■79 


6495 
6623 

6764 

6888 
6026 
6166 


6608 
5636 
6768 


6621 
6649 
6781 


6634 
6662 
6794 


6646 
6675 
6808 


6669 
66S9 
6821 


6572 
6702 
6834 


6686 
6716 
6848 


6698 
6728 
6861 


6610 
6741 
6876 


1 3 4 
13 4 
13 4 


5 6 8 
5 7 8 
5 7 8 


5902 
6039 
6180 


6916 
6053 
6194 


5929 
6067 
6209 


6943 
6081 
6223 


6967 
6095 
6237 


6970 
6109 
6262 


6984 
6124 
6266 


6998 
6138 
C281 


6012 
6162 
6296 


1 3 4!6 7 8 
13 416 7 8 
18 4 6 7 9 


10 11 12 
10 11 13 
10 11 13 


■80 


6310 


6324 


6339 


6363 


6368 


6383 


6397 


6412 


6427 


6442 


13 4 


6 7 9 


,10 12 13 


■81 
■82 
■83 


6457 
6607 
6761 


6471 
6622 
6776 


6486 
6637 
6792 


6601 
6663 
6808 


6616 
6668 
6823 


6631 
6683 
6839 


6546 
6699 
6855 


6661 
6714 
6871 


6677 
6730 

6887 


6692 
6746 
6902 


2 3 6 
2 8 5 
2 8 6 


6 8 9|11 12 14 
6 8 9 11 12 14 
6 8 9 11 13 14 


■84 
■85 
■86 


6918 
7079 
7244 


6934 
7096 
7261 


6960 
7112 

7278 


6966 
7129 
7296 


6982 
7145 
7311 


6998 
7161 
7328 


7016 
7178 
7346 


7031 
7194 
7362 


7047 
7211 
7379 


7063 
7228 
7396 


2 8 6 
2 8 6 
2 3 5 


6 8 10 11 18 15 

7 8 10 12 13 15 
7 8 10|12 13 15 


■87 
■88 
■89 


7413 
7586 
7762 


7430 
V603 
7780 


7447 
V621 
7798 


7464 
7638 
7816 


7482 
7666 
7834 


7499 
7674 
7862 


7516 
7691 
7870 


7534 
7709 
78S9 


7561 
7727 
7907 


7568 
7745 
7926 


2 3 5 
2 4 6 
2 4 6 


7 9 10 ;12 14 16 
7 9 11 12 14 16 
7 9 11 13 14 16 


■90 

■91 
■92 
■93 


7943 


7962 


7980 


7998 


8017 


8035 


8054 


80V2 


8891 


8110 


2 4 6 


7 9 11 il3 15 17 


8128 
8318 
8611 


8147 
8337 
8631 


8166 
8368 
8651 


8185 
8376 
8670 


8204 
8396 
8590 


8222 
8414 
8610 


8241 
8433 
8630 


8260 
8463 
8650 


8279 
8472 
8670 


8290 
8492 
8690 


2 4 6 
2 4 6 

2 4 6 


8 9 11 13 15 17 
8 10 12 14 15 17 
8 10 12 14 16 18 


■94 
■95 
■96 


8710 
8913 
9120 


8730 
8933 
9141 


8750 
8954 
9162 


8770 
8974 
9183 


8790 
8995 
9204 


8810 
9016 
9226 


8831 
9036 
9247 


8861 
9057 
9268 


8872 
9078 
9290 


8892 
9099 
9311 


2 4 6 
2 4 6 
2 4 6 


8 10 12 14 16 18 
8 10 12 15 17 19 
8 11 13 16 17 19 


■97 
■98 
■99 


9:W3 

9660 
9772 


9354 
9672 
9796 


9376 
9694 
9817 


9397 
9616 
9840 


9419 

9638 
9803 


9441 
9061 
9886 


9462 
9683 
9908 


9484 
9705 
9931 


9606 
9727 
9954 


9528 
9750 
9977 


2 4 7 
2 4 7 
2 6 7 


9 11 13 16 17 20 
9 11 13 16 18 -20 
9 11 14 ,16 18 20 
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AITENDIX D. 







TABLE OF FUNCTIONS OF 


ANGLES. 








Angle 




1 


i 
1 
















C 


lorj. 1 


Sine. Ta 


ngent. 


Co-tangent. C 


osine. 








Degrees. R 


idians. 


















0° 





000 








^^ 


1 


1-414 




5708 


90° 


1 


0175 


017 


0176 


0176 


67-2900 


S098 


1-402 




5533 


89 


2 


0349 


035 


0349 


0349 


28' 6363 


9994 


1-389 




5369 


88 


3 


0524 


052 


0523 


0624 


190811 


9986 


1-377 




6184 


87 


4 


0698 


070 


0698 


0699 


14- 3007 


9976 


1-364 




5010 


86 


5 


0873 


087 


0872 


0876 


]1'4301 


9962 


1-351 




4835 


85 


6 


1047 


105 


1046 


1051 


9-6144 


9946 


1-338 




4661 


84 


V 


1222 


122 


1219 


1228 


81443 


9925 


1-325 




4486 


83 


8 


1396 


140 


1392 


1405 


7-1164 


9903 


1-312 




4312 


82 


9 


1671 


157 


1664 


1584 


6-3138 


9877 


1-299 




4137 


81 


10 


1745 


174 


1736 


1768 


6-6713 


9848 


1-286 




3963 


80 


11 


1929 


192 


1908 


1944 


6-1446 


9816 


1-272 




37S8 


79 


12 


2094 


209 


2079 


2126 


4-7046 


9781 


1-259 




3614 


78 


13 


2269 


226 


2250 


2309 


4-3.il6 


9744 


1-246 




3439 


77 


14 


2443 


244 


2419 


2493 


4-0108 


9703 


1-231 




3265 


76 


15 


2618 


261 


2588 


2679 


3-7321 


9669 


1-218 




3090 


76 


16 


2793 


278 


2756 


2867 


3-4874 


9613 


1-204 




2915 


74 


17 


2967 


296 


2924 


3067 


3-2709 


9663 


1-190 




2741 


73 


18 


3142 


313 


3090 


3249 


3-0777 


9611 


1-176 




2566 


72 


19 


3316 


330 


3256 


3443 


2-9042 


9455 


1-161 




2302 


71 


20 


3491 


347 


3420 


3640 


2-7475 


9397 


1-147 




2217 


70 


21 


3665 


364 


3584 


8839 


2-6061 


9336 


1-133 




2043 


69 


22 


3S40 


382 


3746 


4040 


2-4761 


9272 


1-118 


1 


1868 


68 


23 


4014 


399 


3907 


4246 


2-3559 


9205 


1-104 




1694 


67 


24 


4189 


416 


4067 


4452 


2-2460 


9135 


1-089 




1519 


66 


25 


4363 


433 


4226 


4663 


2-1445 


9063 


1-075 




1345 


65 


26 


4538 


450 


4384 


4877 


2-0603 


89S8 


1-060 




1170 


64 


27 


4712 


467 


4540 


6095 


1-9626 


8910 


1-046 




0996 


63 


28 


4SS7 


484 


4696 


6317 


1-8807 


8829 


1-030 




0821 


62 


29 


6001 


501 


4848 


5643 


1-8040 


8746 


1-015 




0647 


61 


30 


6236 


618 


6000 


6774 


1-7321 


8660 


1-000 




0472 


60 


31 


6411 


534 


6160 


6009 


1-6643 


8672 


•986 




0297 


69 


33 


5586 


551 


6299 


624S 


1-6003 


8480 


•970 




0123 


63 


33 


6700 


568 


6446 


6494 


1-6399 


8387 


•964 




9948 


67 


34 


6934 


686 


6592 


6746 


1-4826 • 


8290 


■939 




9774 


56 


35 


0109 


601 


6736 


7002 


1-4-281 


8192 


-923 




9599 


65 


36 


6283 


618 


6878 


7266 


1-3764 


8090 


•908 




9426 


64 


37 


0458 


635 


6018 


7636 


1-3270 


79S6 


■892 




9250 


53 


38 


0632 


651 


6167 


7813 


1-2799 


7880 


■877 




9076 


52 


39 


6S07 


668 


6293 


8098 


1-2349 


7771 


■861 




8901 


51 


40 


6981 


684 


6428 


8391 


1-1918 


7000 


■846 




8727 


60 


41 


7156 


700 


6561 


8693 


1-1604 


7647 


■829 




8652 


49 


42 


7330 


717 


6691 


9004 


1-1106 


7431 


•813 




8373 


48 


43 


7605 


733 


6820 


9326 


1-0724 


7314 


•797 




8203 


47 


44 


7079 


749 


6947 


9667 


1-0366 


7193 


•781 




8029 


46 


46° 


7854 


765 


7071 1 


0000 


1-0000 


7071 


■765 


■7S54 


45» 






C 


osine. Co- 


:angent. 


Tangent. 


Sine. 


Chord. 


Radians. 


Degrees. 






















Ang 


le. 
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matic, .... 


218 
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218 


Head due to friction in watei 




pipes —Loss of, . 
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,, of fluid, . 


3 


„ — Measurement of, . 
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Hercules turbine. 


183 
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49 
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219 
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Hydraulic accumulator, . 44 
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41 
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50 
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35 


,, jack, 


37 
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83 
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) 
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42 


,, mean depth. 
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32 
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lOH 
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1 
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1 
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Mixed-flow turbines, . 179, 189 
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272 



Motion produced by a jet, 

,, — Vortex, 
Motors — Hydraulic, . 
Movable jigger hoist, 
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